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ABSTRACT	  
	  
Long-­‐standing	  policies	  of	  fire	  suppression,	  common	  throughout	  the	  Western	  
United	  States,	  have	  resulted	  in	  unnaturally	  high	  fuel	  loads	  within	  the	  Lake	  Tahoe	  
Basin.	  	  	  The	  swollen	  reservoir	  of	  fuel	  from	  downed	  wood,	  brush,	  small	  trees	  and	  
other	  large	  woody	  plants	  poses	  a	  danger	  to	  the	  forest	  by	  increasing	  the	  intensity	  of	  
wildfires.	  	  Fuels	  reduction	  and	  forest	  restoration	  treatments	  are	  used	  to	  thin	  the	  
forest	  and	  remove	  excess	  ground	  fuels	  to	  mitigate	  the	  risk	  of	  catastrophic	  wildfire.	  	  
To	  investigate	  the	  impact	  of	  two	  types	  of	  these	  treatments	  on	  the	  small	  mammal	  
community	  in	  the	  Lake	  Tahoe	  Basin,	  a	  before-­‐after	  control-­‐impact	  study	  was	  
designed	  and	  surveys	  of	  forest	  structure	  and	  small	  mammals	  conducted	  prior	  to	  and	  
after	  the	  completion	  of	  treatment	  activities	  at	  six	  sites	  to	  the	  west	  and	  northwest	  of	  
Lake	  Tahoe.	  	  I	  found	  that	  the	  small	  mammal	  community	  does	  not	  seem	  to	  respond	  
strongly	  to	  treatment,	  though	  the	  intensity	  of	  treatment	  does	  differentially	  affect	  
abundance	  of	  some	  species.	  	  This	  may	  bode	  well	  for	  small	  mammal	  communities	  in	  
the	  Sierra	  Nevada	  as	  larger	  areas	  of	  forest	  continue	  to	  be	  treated,	  but	  long-­‐term	  data	  
is	  needed	  to	  better	  assess	  small	  mammal	  responses	  to	  treatment	  activities	  that	  may	  
not	  have	  been	  detected	  by	  our	  short-­‐term	  study.	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  post-­‐treatment	  forest	  structure	  variance	  
explained	  by	  increasing	  numbers	  of	  site	  clusters.	  
	  
Figure	  14:	  	  Forest	  structure	  cluster	  dendrogram	  including	  pre	  and	  post-­‐treatment	  
forest	  conditions	  with	  4	  clusters	  highlighted.	  	  A	  green	  dot	  indicates	  an	  untreated	  site	  
and	  an	  orange	  dot	  indicates	  a	  treated	  site.	  
	  
Figure	  15:	  Bar	  graph	  of	  average	  controlled	  percent	  change	  in	  forest	  structure	  
variables	  after	  treatment.	  
	  
Figure	  16:	  Bar	  graph	  of	  average	  controlled	  percent	  /	  magnitude	  of	  change	  in	  forest	  
structure	  variables	  after	  treatment	  by	  treatment	  type.	  	  Hand	  treatment	  is	  green	  and	  
mechanical	  treatment	  is	  orange.	  
	  
Figure	  17:	  Bar	  graph	  of	  average	  percent	  change	  in	  forest	  structure	  variables	  after	  
treatment	  by	  treatment	  type.	  	  Hand	  treatment	  is	  green	  and	  mechanical	  treatment	  is	  
orange.	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Figure	  18:	  Bar	  graph	  of	  average	  controlled	  percent	  change	  in	  within-­‐site	  forest	  
structure	  variation.	  	  Percent	  change	  in	  variation	  is	  on	  the	  Y-­‐axis.	  
	  
Figure	  19:	  Bar	  graph	  of	  average	  controlled	  percent	  change	  in	  within-­‐site	  forest	  
structure	  variation	  by	  treatment	  type.	  	  Percent	  change	  in	  variation	  is	  on	  the	  Y-­‐axis.	  
	  
Figure	  20:	  Forest	  Structure	  NMDS	  plot	  with	  untreated	  sites	  colored	  green,	  hand	  
treated	  sites	  colored	  yellow	  and	  mechanically	  treated	  sites	  colored	  orange.	  
	  
Figure	  21:	  	  RDA	  plot	  of	  all	  sites	  pre	  and	  post	  treatment	  based	  on	  forest	  structure	  
variables.	  	  Untreated	  sites	  are	  colored	  green,	  hand	  treated	  sites	  yellow	  and	  
mechanically	  treated	  sites	  orange.	  
	  
Figure	  22:	  Bar	  graph	  of	  average	  percent	  change	  in	  small	  mammal	  species	  and	  total	  
abundance	  after	  treatment	  by	  treatment	  type.	  	  Hand	  treatment	  changes	  are	  in	  green,	  
mechanical	  in	  orange.	  	  	  
	  
Figure	  23:	  Bar	  graph	  of	  average	  percent	  change	  in	  small	  mammal	  species	  and	  total	  
abundance	  after	  Treatment.	  
	  
Figure	  24:	  Bar	  graph	  of	  relative	  percent	  change	  in	  small	  mammal	  community	  
measures	  on	  treatment	  vs.	  control	  sites	  after	  treatment.	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Figure	  25:	  	  Elbow	  plot	  of	  pre	  and	  post-­‐treatment	  small	  mammal	  community	  
variance	  explained	  by	  increasing	  numbers	  of	  site	  clusters.	  
	  
Figure	  26:	  	  Small	  mammal	  community	  cluster	  dendrogram	  including	  pre	  and	  post-­‐
treatment	  small	  mammal	  communities	  with	  4	  clusters	  highlighted.	  	  A	  green	  dot	  
indicates	  an	  untreated	  site	  and	  an	  orange	  dot	  indicates	  a	  treated	  site.	  
	  
Figure	  27:	  Small	  mammal	  community	  NMDS	  with	  untreated	  sites	  colored	  green,	  
hand	  treated	  sites	  colored	  yellow	  and	  mechanically	  treated	  sites	  colored	  orange,	  
and	  years	  post	  treatment	  indicated	  by	  the	  number	  within	  the	  points	  for	  treated	  
sites.	  	  Circles	  denote	  control	  sites	  and	  squares	  treatment	  sites.	  
	  
Figure	  28:	  Small	  mammal	  community	  change	  NMDS	  with	  untreated	  sites	  colored	  
green,	  hand	  treated	  sites	  colored	  yellow	  and	  mechanically	  treated	  sites	  colored	  
orange,	  and	  maximum	  DBH	  of	  trees	  removed	  indicated	  by	  the	  number	  within	  the	  
points	  for	  treated	  sites.	  	  Circles	  denote	  control	  sites	  and	  squares	  treatment	  sites.	  	  
Triangles	  around	  treatment	  sites	  indicate	  that	  the	  prescription	  for	  the	  site	  included	  
the	  conservation	  of	  protected	  activity	  centers	  (PACs),	  potentially	  resulting	  in	  
untreated	  areas	  within	  the	  site.	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Figure	  29:	  	  Pearson	  correlation	  matrix	  illustrating	  the	  pairwise	  change	  in	  small	  
mammal	  species	  variables	  vs.	  change	  in	  forest	  structure	  variables.	  	  The	  size	  and	  
color	  of	  the	  circle	  indicates	  the	  effect	  size,	  with	  larger	  circles	  and	  darker	  colors	  
representing	  a	  larger	  effect	  size.	  	  Blue	  indicates	  a	  positive	  relationship	  while	  red	  
indicates	  a	  negative	  relationship.	  
	  
Figure	  30:	  Spearman	  correlation	  matrix	  illustrating	  the	  pairwise	  change	  in	  small	  
mammal	  species	  variables	  vs.	  change	  in	  forest	  structure	  variables.	  	  The	  size	  and	  
color	  of	  the	  circle	  indicates	  the	  effect	  size,	  with	  larger	  circles	  and	  darker	  colors	  
representing	  a	  larger	  effect	  size.	  	  Blue	  indicates	  a	  positive	  relationship	  while	  red	  
indicates	  a	  negative	  relationship.	  
	  
Figure	  31:	  	  Change	  in	  O.	  beecheyi	  abundance	  vs.	  change	  in	  shrub	  cover	  from	  before	  
to	  after	  treatment.	  
	  
Figure	  32:	  	  Change	  in	  total	  captures	  vs.	  change	  in	  average	  tree	  height	  from	  before	  to	  
after	  treatment.	  
	  
Figure	  33:	  	  A	  view	  of	  a	  vegetation	  survey	  plot	  on	  the	  mechanically	  treated	  site	  
BLKW	  before	  treatment.	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Figure	  34:	  	  A	  view	  of	  the	  same	  vegetation	  survey	  plot	  on	  the	  mechanically	  treated	  
site	  BLKW	  after	  treatment.	  	  	  Note:	  the	  camera’s	  clock	  was	  not	  correctly	  set	  during	  
the	  post-­‐treatment	  survey,	  and	  the	  photo	  is	  from	  July	  2007,	  not	  January	  2005.	  	  
	  
Figure	  35:	  	  A	  view	  of	  a	  vegetation	  survey	  plot	  on	  the	  hand	  treated	  site	  BOTA	  before	  
treatment.	  	  	  
	  
Figure	  36:	  	  A	  view	  of	  the	  same	  vegetation	  survey	  plot	  on	  the	  hand	  treated	  site	  BOTA	  
after	  treatment,	  showing	  unburned	  woodpiles.	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INTRODUCTION	  
BACKGROUND	  
Over	  the	  last	  century,	  forests	  in	  the	  western	  United	  States	  have	  been	  
managed	  to	  exclude	  fire	  (Grissino-­‐Mayer	  &	  Swetnam	  2000).	  	  These	  management	  
practices	  led	  to	  changes	  in	  historic	  fire	  regimes	  and	  unusually	  high	  fuel	  loads,	  which	  
contribute	  to	  an	  increase	  in	  fire	  intensity	  (Schoennagel	  et	  al.	  2004).	  	  The	  results	  of	  
these	  successful	  fire	  prevention	  efforts,	  combined	  with	  drought	  and	  climate	  change,	  
have	  led	  to	  large,	  high-­‐intensity	  wildfires	  that	  are	  difficult	  and	  costly	  to	  control	  
(Noss	  et	  al.	  2006).	  
In	  order	  to	  address	  this	  increased	  risk	  of	  severe	  fire,	  forest	  managers	  have	  
begun	  fuel	  reduction	  treatments	  to	  alter	  the	  structure	  of	  the	  forest	  to	  reduce	  fuel	  
loads	  (Agee	  &	  Skinner	  2005).	  	  More	  recently,	  these	  fuel	  reduction	  treatments	  have	  
been	  restyled	  as	  forest	  restoration	  treatments	  and	  management	  goals	  amended	  to	  
include	  the	  restoration	  of	  forest	  habitats	  to	  a	  condition	  similar	  to	  what	  managers	  
consider	  was	  in	  place	  prior	  to	  western	  settlement	  and	  modern	  fire	  suppression	  
(Agee	  &	  Skinner	  2005).	  
The	  objective	  of	  treatment	  is	  to	  reduce	  fuel	  loads	  and	  restore	  forest	  
ecosystem	  "health"	  (Agee	  &	  Skinner	  2005).	  	  Forest	  restoration	  treatments	  certainly	  
reduce	  the	  amount	  of	  fuel	  available	  to	  fire	  (Reinhardt	  et	  al.	  2008),	  and	  restructuring	  
the	  forest	  affects	  habitat	  by	  reducing	  the	  amount	  of	  understory	  vegetation,	  density	  
of	  trees	  and	  amount	  of	  woody	  debris,	  and	  thus	  likely	  influences	  wildlife	  populations	  
(Agee	  &	  Skinner	  2005).	  	  Fuel	  treatments	  have	  been	  found	  to	  reduce	  the	  severity	  of	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wildfires	  in	  treated	  areas	  versus	  untreated	  areas	  in	  many	  landscapes	  (Martinson	  &	  
Omni	  2003),	  but	  the	  ecological	  effects	  of	  treatments	  are	  not	  as	  well	  understood	  
(Converse	  et	  al.	  2006).	  	  Furthermore,	  the	  method	  of	  treatment	  varies	  from	  relatively	  
low	  intensity	  hand	  thinning	  with	  cut	  material	  piled	  and	  burned	  to	  high	  intensity	  
mechanical	  tree	  removal	  and	  debris	  mastication	  (Marlow	  et	  al.	  2007).	  	  The	  
differences	  between	  these	  treatments	  in	  terms	  of	  wildlife	  response	  have	  not	  yet	  
been	  intensely	  studied.	  	  Currently,	  decisions	  about	  which	  method	  to	  use	  largely	  
depend	  upon	  whether	  the	  area	  is	  amenable	  to	  mechanical	  treatment,	  as	  other	  
treatment	  methods	  are	  more	  expensive	  to	  implement	  (Marlow	  et	  al.	  2007).	  	  Areas	  
where	  mechanical	  treatment	  is	  not	  feasible	  tend	  to	  be	  treated	  by	  hand,	  with	  a	  
smaller	  targeted	  change	  in	  forest	  characteristics	  as	  a	  result	  (Marlow	  et	  al.	  2007).	  	  	  
In	  an	  effort	  to	  better	  understand	  the	  effects	  of	  treatment	  on	  vegetation	  and	  
wildlife,	  numerous	  studies	  have	  been	  conducted	  or	  are	  ongoing	  throughout	  the	  
United	  States	  (Pilliod	  et	  al.	  2006;	  McIver	  et	  al.	  2013).	  	  The	  immediate	  effects	  of	  
treatment	  on	  vegetation	  are	  well	  documented	  at	  many	  individual	  sites,	  though	  data	  
on	  longer-­‐term	  vegetation	  succession	  in	  mastication	  treatments	  is	  limited	  for	  forest	  
types	  common	  in	  the	  Lake	  Tahoe	  Basin	  (Schwilk	  et	  al.	  2009).	  	  Wildlife	  responses	  to	  
treatment	  have	  recently	  been	  considered	  by	  several	  studies,	  with	  special	  
consideration	  given	  to	  invertebrate,	  bird,	  and	  small	  mammal	  communities	  (Pilliod	  et	  
al.	  2006).	  	  Yet	  few	  address	  differences	  between	  treatment	  intensity	  or	  include	  
effects	  on	  small	  mammals	  in	  a	  way	  that	  permits	  rigorous	  analyses.	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Small	  mammals	  are	  important	  to	  consider	  when	  evaluating	  treatment	  effects,	  
as	  they	  are	  a	  diverse	  group	  with	  varied	  habitat	  and	  resource	  requirements	  and	  
influence	  local	  ecology	  in	  important	  ways.	  	  Small	  mammals	  make	  use	  of	  many	  
different	  forest	  structural	  components,	  including	  woody	  debris,	  shrubs,	  understory	  
trees,	  mature	  trees,	  rocky	  outcrops,	  forest	  openings,	  canopy	  &	  understory	  cover.	  	  
Variation	  in	  forest	  structure	  underlies	  the	  composition	  of	  associated	  small	  mammal	  
communities	  (Dueser	  &	  Shugart,	  1978;	  Kitchings	  &	  Levy,	  1981).	  	  
Small	  mammals	  tend	  to	  be	  capable	  of	  rapid	  population	  growth,	  allowing	  for	  
swift	  short-­‐term	  responses	  to	  habitat	  change	  relative	  to	  other	  types	  of	  wildlife	  
(Bagne	  &	  Finch	  2009).	  	  They	  also	  provide	  important	  ecosystem	  functions,	  including	  
influencing	  local	  plant	  community	  structure	  through	  herbivory	  (Bowers	  1993),	  seed	  
and	  seedling	  predation	  (Manson	  et.	  al	  2001),	  and	  seed	  dispersal	  (Hollander	  &	  
Vander	  Wall	  2004).	  	  Small	  mammals	  also	  serve	  as	  a	  food	  resource	  for	  predator	  
populations	  (Zielinski	  et	  al	  1983),	  including	  those	  of	  the	  American	  Marten	  (Martes	  
americana),	  Northern	  Goshawk	  (Accipiter	  gentilis),	  California	  Spotted	  Owl	  (Stirx	  
occidentalis),	  and	  Bobcat	  (Lynx	  rufus),	  among	  others,	  in	  the	  Lake	  Tahoe	  Basin	  
(Franklin	  et	  al.	  2004;	  Bull	  &	  Blumton,	  1999).	  	  Changes	  in	  the	  small	  mammal	  
community	  can	  thus	  serve	  as	  an	  indicator	  to	  examine	  how	  changes	  in	  forest	  
structure	  may	  affect	  the	  wildlife	  community	  in	  general.	  	  	  
The	  objective	  of	  this	  study	  is	  to	  determine	  how	  small	  mammals	  are	  affected	  
by	  fuel	  reduction	  treatments.	  	  Specifically,	  I	  want	  to	  ascertain	  which	  treatment	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variables	  affect	  small	  mammals,	  and	  to	  what	  extent,	  so	  that	  managers	  can	  use	  this	  
information	  when	  planning	  future	  treatment	  prescriptions.	  
	  
STUDY	  SYSTEM	  
Most	  easily	  accessible	  slopes	  in	  the	  Lake	  Tahoe	  Basin	  were	  denuded	  of	  trees	  
by	  the	  early	  1900s	  to	  provide	  lumber	  for	  nearby	  silver	  mines	  (Strong	  1984).	  	  As	  
forest	  stocks	  were	  depleted	  and	  demand	  in	  the	  mining	  industry	  declined,	  the	  timber	  
boom	  in	  the	  basin	  ended.	  	  The	  human	  population	  declined	  and	  in	  many	  areas	  the	  
forest	  began	  to	  re-­‐grow,	  slowed	  only	  by	  grazing	  and	  large	  wildfires	  (Strong	  1984).	  	  
Eventually	  the	  forests	  reached	  the	  point	  we	  find	  them	  at	  today,	  with	  much	  of	  the	  
basin	  covered	  in	  stands	  of	  secondary	  growth	  of	  approximately	  the	  same	  age,	  ranging	  
from	  80-­‐120	  years	  old,	  as	  a	  result	  of	  substantial	  recruitment	  following	  late	  19th-­‐
century	  logging	  (Taylor	  2004).	  
Long	  standing	  policies	  of	  fire	  suppression,	  common	  throughout	  the	  Western	  
United	  States,	  have	  resulted	  in	  unnaturally	  high	  fuel	  loads	  within	  the	  Lake	  Tahoe	  
Basin.	  	  	  The	  increased	  level	  of	  fuel	  from	  downed	  wood,	  brush,	  small	  trees	  and	  other	  
large	  woody	  plants	  could	  pose	  a	  danger	  to	  the	  forest	  in	  the	  event	  of	  a	  fire	  (Agee	  
1998).	  	  These	  high	  fuel	  loads	  allow	  fires	  to	  burn	  more	  intensely	  and	  scorch	  crowns,	  
killing	  mature	  trees	  that	  may	  normally	  survive	  low	  to	  moderate	  intensity	  fires	  
(Wyant	  et	  al.	  1986).	  
In	  the	  Lake	  Tahoe	  Basin,	  much	  of	  the	  forest	  has	  been	  treated	  or	  is	  slated	  for	  
some	  form	  of	  fuel	  reduction	  treatment	  in	  the	  near	  future.	  	  This	  rush	  to	  reduce	  fire	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risk	  is	  not	  surprising	  given	  the	  spate	  of	  large	  fires	  in	  recent	  years,	  including	  the	  
2007	  Angora	  fire	  in	  the	  southern	  portion	  of	  the	  basin,	  which	  destroyed	  many	  
private	  residences	  despite	  an	  extensive,	  expensive	  effort	  to	  contain	  the	  fire	  (Murphy	  
et	  al.	  2007).	  	  In	  the	  case	  of	  the	  Angora	  fire,	  some	  portions	  of	  the	  burned	  area	  had	  
previously	  been	  treated	  to	  reduce	  fuel	  loads,	  and	  these	  areas	  experienced	  less	  
intense	  fire	  and	  had	  much	  lower	  tree	  mortality	  as	  compared	  to	  untreated	  burned	  
areas	  (Safford	  et	  al	  2009).	  
Substantial	  fuel	  loads	  are	  present	  in	  untreated	  areas	  on	  the	  west	  shore	  of	  
Lake	  Tahoe,	  where	  total	  surface	  fuel	  loads	  in	  my	  study	  area	  range	  from	  28	  to	  49	  
tons/acre	  (Stanton	  &	  Dailey	  2007).	  	  These	  surface	  fuels	  are	  composed	  of	  three	  main	  
components,	  coarse	  woody	  debris	  (1000	  hour	  fuel,	  CWD),	  fine	  woody	  debris	  (1-­‐100	  
hour	  fuel,	  FWD),	  and	  litter	  and	  duff.	  	  Coarse	  woody	  debris	  loads	  range	  from	  6	  
tons/acre	  to	  28	  tons/acre,	  fine	  woody	  debris	  loads	  range	  from	  3	  to	  6	  tons/acre,	  and	  
litter	  and	  duff	  loads	  range	  from	  13	  to	  30	  tons/acre	  (Stanton	  &	  Dailey	  2007).	  	  
Most	  forested	  areas	  within	  the	  Lake	  Tahoe	  Basin	  are	  primarily	  composed	  of	  
single	  age	  class	  mature	  trees	  due	  to	  massive	  recruitment	  following	  the	  cessation	  of	  
large	  scale	  logging	  in	  the	  early	  20th	  century	  (Taylor	  2004),	  where	  a	  thick	  understory	  
of	  younger	  trees	  and	  shrubs	  increases	  the	  fuel	  load	  and	  serves	  as	  a	  ladder	  for	  fire	  to	  
reach	  the	  crowns	  of	  mature	  trees.	  	  
Common	  members	  of	  the	  tree	  community	  in	  the	  Lake	  Tahoe	  Basin	  include	  
red	  fir	  (Abies	  magnifica),	  white	  fir	  (Abies	  concolor),	  western	  white	  pine	  (Pinus	  
monticola),	  jeffrey	  pine	  (Pinus	  jeffreyi),	  sugar	  pine	  (Pinus	  lambertiana),	  lodgepole	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pine	  (Pinus	  contorta),	  and	  incense	  cedar	  (Calocedrus	  decurrens).	  	  Higher	  elevation	  
forests	  in	  the	  Basin	  are	  dominated	  by	  Red	  Fir	  (Abies	  magnifica)	  and	  Western	  White	  
Pine,	  and	  by	  mixed	  White	  Fir	  and	  Jeffery	  Pine	  at	  lower	  elevations	  with	  White	  Fir	  
more	  prominent	  on	  the	  West	  Shore	  and	  Jeffery	  Pine	  more	  prominent	  on	  the	  East	  
Shore	  (Beaty	  &	  Taylor,	  2008).	  
Common	  shrubs	  include	  greenleaf	  manzanita	  (Arctostaphylos	  patula),	  
whitethorn	  (Ceanothus	  cordulatus),	  chinquapin	  (Chrysolepis	  sempervirens),	  and	  
huckleberry	  oak	  (Quercus	  vaccinifolia).	  	  Three	  sub-­‐shrub	  species,	  creeping	  
snowberry	  (Symphoricarpos	  mollis),	  pinemant	  manzanita	  (Arctostaphylos	  
nevadensis),	  and	  squaw	  carpet	  (Ceanothus	  prostratus)	  are	  also	  common.	  	  Herb	  and	  
grass	  cover	  is	  generally	  sparse	  in	  dense	  Lake	  Tahoe	  Basin	  forests,	  with	  cover	  rarely	  
exceeding	  one	  percent	  (Stanton	  &	  Dailey,	  2007).	  
Before	  effective	  restoration	  treatments	  can	  be	  designed,	  reference	  conditions	  
must	  be	  determined.	  	  These	  reference	  conditions	  can	  then	  be	  used	  to	  establish	  
targets	  for	  forest	  conditions	  post-­‐treatment.	  	  Prior	  to	  modern	  logging	  and	  fire	  
suppression,	  forests	  in	  the	  Lake	  Tahoe	  Basin	  were	  structured	  quite	  differently.	  	  
These	  pre-­‐European	  settlement	  conditions	  have	  been	  determined	  by	  surveying	  
remnant	  forests	  as	  well	  as	  reconstructing	  conditions	  from	  stumps	  at	  sites	  logged	  
before	  1900	  (Taylor,	  2004;	  Beaty	  &	  Taylor,	  2008;	  Taylor	  et	  al.,	  2012).	  	  Overall,	  while	  
basal	  area	  is	  similar	  between	  current	  and	  historic	  forests,	  the	  tree	  density	  at	  present	  
is	  much	  higher,	  suggesting	  a	  relatively	  open	  forest	  with	  larger,	  less	  closely	  spaced	  
trees	  was	  more	  common	  in	  the	  past	  (Taylor	  et	  al.,	  2012).	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Restoration	  treatments	  are	  designed	  to	  restore	  forest	  conditions	  to	  a	  state	  
similar	  to	  these	  historic	  references,	  thereby	  modifying	  fire	  behavior	  and	  reducing	  
the	  risk	  of	  stand	  replacement	  fire.	  	  Canopy	  density,	  surface	  fuels,	  and	  ladder	  fuels	  
are	  commonly	  targeted	  for	  reduction	  when	  designing	  treatment	  prescriptions	  (Agee	  
&	  Skinner,	  2005).	  	  Many	  of	  these	  correlate	  to	  forest	  components	  that	  are	  important	  
to	  small	  mammals,	  and	  changes	  in	  these	  components	  as	  a	  result	  of	  treatment	  should	  
affect	  the	  small	  mammal	  community.	  	  
While	  the	  composition	  of	  the	  small	  mammal	  community	  varies	  across	  the	  
Lake	  Tahoe	  Basin,	  species	  typically	  encountered	  include	  the	  North	  American	  
Deermouse	  (Peromyscus	  maniculatus),	  Long-­‐tailed	  Vole	  (Microtus	  longicaudus),	  
Trowbridge's	  Shrew	  (Sorex	  trowbridgii),	  Long-­‐eared	  Chipmunk	  (Tamias	  
quadrimaculatus),	  Allen's	  Chipmunk	  (T.	  senex),	  Lodgepole	  Chipmunk	  (T.	  speciosus),	  
Yellow-­‐pine	  Chipmunk	  (T.	  amoenus),	  Golden-­‐mantled	  Ground	  Squirrel	  
(Callospermophilus	  lateralis),	  California	  Ground	  Squirrel	  (Otospermophilus	  beecheyi),	  
Douglas’s	  Squirrel	  (Tamiasciurus	  douglasii),	  and	  Northern	  Flying	  Squirrel	  
(Glaucomys	  sabrinus).	  	  
A	  few	  species	  made	  up	  the	  bulk	  of	  my	  captures,	  including	  the	  North	  American	  
Deermouse	  (P.	  maniculatus),	  Long-­‐eared	  Chipmunk	  (T.	  quadrimaculatus),	  Allen's	  
Chipmunk	  (T.	  senex),	  Lodgepole	  Chipmunk	  (T.	  speciosus),	  Yellow-­‐pine	  Chipmunk	  (T.	  
amoenus),	  California	  Ground	  Squirrel	  (O.	  beecheyi),	  Douglas’s	  Squirrel	  (T.	  douglasii),	  
and	  Northern	  Flying	  Squirrel	  (G.	  sabrinus).	  	  Thus,	  my	  analyses	  of	  individual	  species	  
will	  only	  consider	  these	  more	  commonly	  trapped	  species.	  	  Other	  studies	  suggest	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that	  P.	  maniculatus	  abundance	  will	  increase	  after	  treatment	  due	  to	  its	  adaptability	  
(Converse	  et	  al	  2006,	  Suzuki	  &	  Hayes	  2003).	  	  Tamias	  quadrimaculatus	  favors	  more	  
open,	  disturbed	  areas,	  though	  it	  is	  also	  associated	  with	  dense	  forest	  in	  this	  part	  of	  its	  
range	  (Clawson	  et	  al.	  1994,	  Gannon	  &	  Forbes	  1995).	  	  The	  preference	  of	  T.	  senex	  for	  
old	  growth	  closed-­‐canopy	  forests	  indicates	  that	  it	  may	  not	  fare	  well	  after	  treatment,	  
though	  it	  has	  been	  found	  to	  increase	  in	  numbers	  as	  dense	  herb	  and	  shrub	  growth	  
occurs	  after	  logging	  (Gannon	  &	  Forbes	  1995).	  	  Occupying	  a	  broad	  range	  of	  habitat	  
types,	  T.	  amoenus	  may	  not	  show	  a	  strong	  response	  to	  many	  changes	  in	  forest	  
structure,	  though	  it	  does	  prefer	  forests	  with	  understory	  shrub	  cover	  that	  is	  removed	  
in	  many	  treatments	  (Sutton,	  1992).	  	  Callospermophilus	  lateralis	  may	  be	  expected	  to	  
increase	  if	  the	  fuel	  treatment	  leaves	  behind	  many	  stumps	  and	  logs	  and	  opens	  the	  
canopy	  to	  allow	  fruit-­‐bearing	  shrubs	  to	  increase	  their	  cover	  (Bartels	  &	  Thompson	  
1993).	  	  If	  the	  treatments	  reduce	  log	  and	  stump	  numbers,	  C.	  lateralis	  may	  decrease	  in	  
abundance.	  	  As	  it	  strongly	  favors	  open	  spaces	  (Jameson	  &	  Peters,	  2004),	  O.	  beecheyi	  
is	  expected	  to	  increase	  in	  abundance	  post-­‐treatment.	  	  Association	  of	  increased	  T.	  
douglasii	  abundance	  with	  old	  growth	  forests	  due	  to	  their	  use	  of	  conifer	  cones	  as	  a	  
primary	  food	  source	  suggests	  that	  T.	  douglasii	  abundance	  may	  be	  reduced	  after	  
treatment	  due	  to	  a	  reduction	  in	  their	  food	  supply	  (Steele	  1999).	  	  Glaucomys	  sabrinus	  
prefers	  mature	  forest	  with	  a	  more	  open	  understory,	  and	  thus	  may	  respond	  
positively	  to	  treatments	  that	  focus	  on	  reducing	  understory	  vegetation	  while	  
retaining	  mature	  trees	  (Wells-­‐Gosling	  &	  Heaney,	  1984).	  	  See	  Table	  1	  for	  a	  summary	  
of	  predicted	  responses	  to	  treatment	  for	  each	  species.	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HYPOTHESES	  AND	  PREDICTIONS	  
My	  primary	  interest	  is	  to	  investigate	  how	  changes	  in	  the	  abundance	  of	  small	  
mammal	  species	  and	  community	  structure	  vary	  based	  on	  changes	  in	  forest	  structure	  
and	  overall	  treatment	  intensity.	  	  More	  specifically,	  I	  will	  consider	  changes	  in	  woody	  
debris,	  shrub	  cover,	  tree	  density,	  DBH,	  and	  canopy	  cover.	  	  I	  predict	  that	  these	  
independent	  variables	  will	  influence	  abundance	  differently	  for	  each	  species,	  but	  that	  
within	  species	  responses	  will	  be	  consistent	  across	  study	  sites	  for	  a	  given	  value	  of	  an	  
independent	  variable.	  	  Community	  structure	  will	  also	  be	  influenced	  by	  these	  
variables,	  as	  variation	  in	  the	  secondary	  succession	  starting	  point	  should	  influence	  
community	  assembly	  after	  the	  initial	  treatment	  disturbance	  (Wallgren	  2008).	  	  The	  
reason	  for	  selecting	  these	  variables	  is	  that	  they	  contribute	  to	  fire	  behavior	  and	  are	  
targeted	  by	  managers	  when	  designing	  treatments.	  	  Therefore,	  my	  focus	  on	  
responses	  to	  these	  predictors	  will	  result	  in	  more	  meaningful	  recommendations	  for	  
managers	  who	  rely	  on	  these	  metrics.	  
Specific	  questions:	  
1. What	  aspects	  of	  forest	  structure	  are	  important	  to	  individual	  small	  
mammal	  species?	  	  To	  the	  small	  mammal	  community	  overall?	  
2. What	  are	  the	  effects	  of	  treatment	  on	  forest	  structure?	  
3. How	  did	  small	  mammals	  generally	  respond	  to	  forest	  restoration	  
treatments?	  
4. How	  did	  small	  mammals	  respond	  to	  specific	  changes	  in	  forest	  
structure	  as	  a	  result	  of	  treatment?	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METHODS	  
	  
We	  utilized	  a	  before-­‐after	  control-­‐impact	  design	  with	  paired	  controls	  (BACI-­‐
P),	  with	  a	  total	  of	  12	  study	  sites	  grouped	  in	  6	  pairs	  (Figure	  3).	  	  Sites	  were	  selected	  in	  
conjunction	  with	  planned	  fuel	  reduction	  treatments,	  on	  United	  States	  Forest	  Service	  
(USFS)	  lands.	  	  Each	  treatment	  site	  was	  established	  in	  an	  area	  scheduled	  for	  future	  
forest	  restoration	  treatment,	  and	  a	  paired	  control	  site	  was	  established	  as	  close	  as	  
possible	  to	  each	  treatment	  site	  in	  an	  area	  that	  was	  not	  scheduled	  for	  treatment	  with	  
similar	  slope,	  exposure,	  and	  vegetation	  cover.	  	  Treatment	  prescriptions	  varied	  
among	  agencies	  and	  between	  parcels,	  ranging	  from	  hand	  thinning	  of	  trees	  up	  to	  10”	  
DBH	  to	  mechanical	  removal	  of	  trees	  up	  to	  30”	  DBH,	  with	  different	  maximum	  DBH	  
planned	  for	  removal	  on	  some	  sites	  (Table	  4).	  	  My	  sites	  were	  split	  between	  lower	  
intensity	  hand	  and	  higher	  intensity	  mechanical	  treatment	  methods.	  
Site	  pairs	  were	  sampled	  at	  least	  once	  prior	  to	  treatment	  and	  again	  the	  first	  
and	  second	  year	  post-­‐treatment,	  for	  a	  total	  of	  three	  or	  four	  years	  of	  sampling	  per	  
site	  pair.	  	  Each	  site	  encompassed	  an	  area	  of	  5	  hectares	  and	  was	  composed	  of	  72	  
sampling	  points.	  	  Each	  point	  was	  used	  as	  a	  trap	  station	  for	  small	  mammals,	  and	  at	  
eight	  to	  ten	  randomly	  selected	  points,	  extensive	  forest	  structure	  data	  was	  collected	  
and	  used	  to	  characterize	  the	  plot	  as	  a	  whole.	  	  An	  extra	  large	  Sherman	  trap	  and	  a	  
Tomahawk	  tree	  trap	  were	  set	  at	  each	  of	  the	  points	  to	  maximize	  capture	  of	  a	  variety	  
of	  small	  mammal	  species,	  and	  each	  animal	  was	  marked	  and	  measured.	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Study	  Sites	  
	   Six	  site	  pairs	  were	  identified	  on	  USFS	  lands	  to	  the	  west	  and	  north-­‐west	  of	  
Lake	  Tahoe	  and	  the	  first	  forest	  structure	  and	  small	  mammal	  surveys	  were	  
conducted	  on	  these	  six	  pairs	  during	  the	  summer	  of	  2006	  (See	  Map,	  Figure	  3).	  	  Sites	  
were	  primarily	  mixed	  conifer	  forest	  between	  1930	  and	  2160	  masl,	  with	  slopes	  from	  
5-­‐26	  degrees	  (Table	  3).	  	  Sites	  were	  selected	  based	  on	  existing	  forest	  management	  
plans	  to	  encompass	  a	  range	  of	  fuels	  reduction	  methods	  and	  intensities,	  with	  care	  
taken	  to	  select	  four	  sites	  with	  planned	  mechanical	  treatment	  and	  two	  with	  planned	  
hand	  treatment.	  	  Treatment	  prescriptions	  were	  selected	  by	  management	  agencies	  
based	  on	  the	  accessibility	  of	  the	  site,	  with	  steeper	  sites	  and	  those	  without	  existing	  
road	  access	  being	  scheduled	  for	  less	  intense	  hand	  treatment	  and	  more	  gently	  sloped	  
sites	  with	  nearby	  road	  access	  scheduled	  for	  more	  intense	  mechanical	  treatment.	  
	   Each	  site	  was	  arranged	  as	  a	  330m	  x	  150m	  rectangular	  plot	  encompassing	  
approximately	  5	  hectares.	  	  A	  grid	  composed	  of	  72	  points	  spaced	  30m	  apart	  was	  
established	  within	  each	  plot	  (Figure	  1).	  	  When	  the	  size	  and	  shape	  of	  the	  planned	  
treatment	  permitted,	  treatment	  sites	  were	  oriented	  in	  a	  random	  direction	  
irrespective	  of	  the	  slope	  or	  aspect	  of	  the	  area.	  	  If	  the	  size	  of	  the	  treatment	  area	  
allowed	  for	  only	  one	  site	  orientation	  to	  fit	  within	  its	  boundaries,	  this	  orientation	  
was	  used.	  	  Control	  sites	  were	  oriented	  to	  match	  the	  slope,	  aspect,	  and	  elevation	  of	  
the	  treatment	  site	  as	  much	  as	  possible,	  while	  also	  being	  as	  close	  to	  the	  treatment	  
site	  as	  permitted	  by	  the	  extent	  of	  treatment	  and	  availability	  of	  similar	  conditions.	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Each	  pair	  of	  sites	  was	  surveyed	  concurrently,	  at	  least	  once	  before	  treatment	  
and	  twice	  after	  treatment.	  	  When	  possible,	  pairs	  were	  surveyed	  twice	  pre-­‐treatment,	  
for	  a	  total	  of	  three	  or	  four	  surveys	  per	  pair	  over	  the	  course	  of	  the	  study	  (Table	  2).	  	  In	  
one	  case,	  a	  pair	  of	  sites	  was	  sampled	  for	  three	  years	  post-­‐treatment	  due	  to	  extensive	  
bear	  damage	  where	  trap	  destruction	  exceeded	  80%	  during	  one	  post-­‐treatment	  
survey	  period.	  	  
	   The	  locations	  of	  the	  grid	  center	  and	  corners	  and	  vegetation	  survey	  plots	  on	  
each	  grid	  were	  determined	  using	  consumer-­‐grade	  GPS	  receivers	  at	  the	  time	  each	  
site	  grid	  was	  set,	  and	  again	  on	  treated	  sites	  when	  each	  grid	  was	  re-­‐set	  after	  
treatment	  activities	  were	  complete.	  	  In	  addition,	  in	  the	  fall	  of	  2012	  on	  treatment	  
sites	  where	  a	  portion	  of	  the	  grid	  was	  left	  untreated,	  the	  location	  of	  treatment	  edges	  
and	  location	  of	  points	  near	  the	  edge	  were	  recorded	  using	  both	  survey	  and	  
consumer-­‐grade	  GPS	  receivers.	  
	   An	  overview	  of	  general	  characteristics	  for	  each	  site	  pair	  can	  be	  found	  in	  
Table	  3,	  and	  management	  prescriptions	  for	  treatment	  sites	  in	  Table	  4.	  
	  
Field	  Methods	  
Forest	  Structure:	  	  At	  each	  site,	  eight	  to	  ten	  vegetation	  survey	  plots	  were	  
established	  at	  randomly	  selected	  grid	  points,	  with	  extensive	  vegetation	  data	  
gathered	  at	  each.	  	  For	  each	  plot,	  the	  UTM	  coordinate,	  slope,	  aspect,	  general	  landform	  
and	  horizontal	  and	  vertical	  slope	  shape	  were	  recorded.	  	  Each	  plot	  encompassed	  a	  
circular	  area	  with	  a	  17.6m	  radius,	  centered	  on	  the	  grid	  point,	  with	  four	  transects	  of	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17.6m	  length	  established	  at	  90°	  angles	  from	  each	  other	  with	  the	  first	  transect	  
oriented	  to	  a	  random	  bearing	  and	  the	  zero	  meter	  mark	  at	  the	  plot	  center.	  	  Percent	  
cover	  and	  height	  of	  herbs	  and	  shrubs	  were	  measured	  along	  each	  transect	  in	  five	  
0.25	  square	  meter	  quadrats	  located	  at	  3	  meter	  intervals.	  	  A	  system	  of	  12	  cover	  
classes	  (0-­‐1,	  1-­‐5,	  5-­‐15,	  15-­‐25,	  25-­‐35,	  35-­‐45,	  45-­‐55,	  55-­‐65,	  65-­‐75,	  75-­‐85,	  85-­‐95,	  95-­‐
100%)	  was	  used	  to	  reduce	  human	  error	  and	  increase	  the	  consistency	  of	  estimates.	  	  
Midpoint	  values	  were	  used	  for	  computation.	  	  Using	  the	  line-­‐intercept	  method	  
(Brown,	  1974),	  surface	  and	  ground	  fuels	  were	  measured	  on	  all	  four	  transects.	  	  Along	  
each	  transect,	  I	  sampled	  1000-­‐hour	  fuels	  (>7.6cm	  diameter)	  along	  the	  entire	  length	  
of	  the	  transect,	  100-­‐hour	  fuels	  (2.54	  –	  7.6cm	  diameter)	  from	  12-­‐17	  meters,	  ten-­‐hour	  
fuels	  (0.64-­‐2.54	  cm	  diameter)	  and	  one-­‐hour	  fuels	  (0-­‐0.64cm	  diameter)	  from	  15-­‐17	  
meters.	  	  For	  the	  larger	  1000-­‐hour	  fuels,	  also	  known	  as	  coarse	  woody	  debris	  (CWD),	  
species,	  diameter	  at	  tape,	  diameter	  at	  each	  end,	  length,	  and	  decay	  class	  were	  
recorded	  for	  each.	  	  This	  is	  due	  to	  the	  importance	  of	  CWD	  to	  many	  small	  mammal	  
species	  (Harmon	  et	  al.	  1986).	  	  The	  depth	  of	  duff	  and	  litter	  was	  measured	  at	  8	  and	  16	  
meters	  along	  each	  transect.	  	  Mature	  trees	  were	  defined	  as	  having	  a	  DBH	  of	  15cm	  or	  
greater,	  and	  were	  sampled	  throughout	  the	  entire	  plot	  area.	  	  The	  species,	  DBH,	  total	  
height,	  height	  to	  base	  of	  live	  crown,	  and	  observed	  damage	  was	  recorded	  for	  each	  
mature	  tree.	  	  All	  snags	  were	  also	  sampled	  throughout	  the	  entire	  plot,	  with	  species,	  
DBH,	  total	  height,	  and	  decay	  class	  recorded	  for	  each.	  	  Within	  a	  3.6m	  radius	  subplot,	  
all	  saplings	  taller	  than	  1.4m	  tall	  but	  with	  a	  DBH	  less	  than	  15cm	  were	  sampled	  and	  
their	  species,	  DBH,	  total	  height,	  and	  live	  crown	  ratio	  recorded.	  	  Saplings	  were	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categorized	  into	  four	  size	  classes	  based	  on	  DBH:	  0-­‐2.5,	  2.5-­‐5,	  5-­‐10,	  and	  10-­‐15	  cm.	  	  
The	  number	  of	  seedlings	  within	  the	  subplot	  were	  recorded	  for	  each	  tree	  species	  and	  
categorized	  by	  five	  height	  classes:	  1-­‐15,	  15-­‐30,	  30-­‐60,	  60-­‐100,	  and	  100-­‐140	  cm.	  	  
Canopy	  cover	  was	  measured	  at	  25	  points	  arranged	  in	  a	  5m	  by	  5m	  grid	  centered	  on	  
the	  plot	  center	  using	  a	  GRS	  site-­‐tube	  densitometer,	  with	  the	  species	  of	  tree	  recorded	  
for	  each	  hit	  (See	  Figure	  2).	  
Each	  treatment	  site	  was	  surveyed	  post-­‐treatment	  to	  produce	  a	  map	  of	  
treated	  and	  untreated	  areas	  within	  the	  site	  and	  extending	  30	  meters	  past	  the	  edge	  of	  
the	  site.	  	  Using	  two	  GPS	  receivers	  simultaneously	  (1	  survey	  grade	  Trimble	  and	  1	  
consumer	  grade	  Magellan),	  the	  four	  corners	  and	  center	  of	  each	  site	  were	  recorded,	  
as	  well	  as	  a	  random	  subset	  of	  internal-­‐grid	  points.	  	  In	  addition,	  treatment	  edges	  
were	  recorded	  as	  a	  series	  of	  waypoints	  approximately	  every	  100	  meters,	  with	  
additional	  waypoints	  recorded	  at	  intermediate	  points	  if	  the	  edge	  changed	  direction	  
or	  otherwise	  was	  not	  a	  straight	  line.	  	  At	  each	  of	  these	  waypoints,	  the	  estimated	  error	  
(in	  meters)	  and	  direction	  of	  the	  untreated	  area	  from	  the	  point	  was	  recorded,	  as	  well	  
as	  any	  other	  observations	  about	  the	  treatment	  edge.	  
	  
	   Small	  Mammals:	  	  I	  targeted	  many	  small	  mammal	  groups	  in	  the	  Lake	  Tahoe	  
Basin	  with	  my	  trapping	  methods,	  including	  mice,	  voles,	  chipmunks,	  ground	  
squirrels,	  tree	  squirrels,	  and	  flying	  squirrels.	  	  	  
At	  each	  of	  the	  72	  points	  I	  set	  an	  extra	  large	  Sherman	  trap	  and	  a	  Tomahawk	  
tree	  trap.	  	  Sherman	  traps	  were	  placed	  as	  close	  to	  the	  point	  as	  possible,	  next	  to	  a	  tree,	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along	  a	  log,	  or	  under	  some	  other	  cover.	  	  Each	  Sherman	  trap	  was	  then	  covered	  with	  
natural	  materials	  such	  as	  bark	  or	  pine	  needles	  to	  insulate	  it.	  	  Tomahawk	  traps	  were	  
set	  on	  the	  trunk	  of	  a	  large	  tree	  (at	  least	  30	  cm	  DBH)	  on	  the	  north	  side,	  1-­‐2	  meters	  
above	  the	  ground,	  with	  a	  nest	  box	  behind	  the	  treadle	  and	  a	  small	  tarp	  securely	  
wrapped	  around	  the	  rear	  of	  the	  trap	  to	  provide	  additional	  shelter.	  	  Wherever	  
possible,	  this	  tree	  was	  within	  5	  meters	  of	  the	  grid	  point.	  	  A	  synthetic	  nest	  material,	  
polyester	  fiberfill,	  was	  placed	  in	  the	  rear	  portion	  of	  all	  traps	  to	  ensure	  any	  captured	  
animal	  had	  sufficient	  material	  to	  construct	  a	  nest	  (See	  Figure	  3).	  
All	  traps	  were	  baited	  with	  a	  mixture	  of	  oats,	  birdseed,	  raisins	  and	  peanut	  
butter.	  	  Peanut	  butter	  was	  omitted	  during	  the	  pre-­‐trapping	  period	  and	  the	  first	  two	  
days	  of	  trapping	  to	  reduce	  the	  likelihood	  of	  discovery	  by	  bears.	  	  Traps	  were	  set,	  
locked	  open	  and	  baited	  for	  at	  least	  two	  nights	  prior	  to	  the	  start	  of	  trapping	  to	  allow	  
local	  small	  mammals	  to	  become	  accustomed	  to	  the	  traps	  and	  increase	  trap	  success	  
during	  the	  start	  of	  the	  trapping	  period.	  	  Traps	  were	  unlocked	  and	  reset	  on	  the	  
afternoon	  before	  the	  first	  trap	  night,	  and	  any	  mortality	  from	  improperly	  locked	  
traps	  recorded.	  	  Each	  trap	  was	  checked	  twice	  per	  day,	  once	  in	  the	  morning	  and	  once	  
in	  the	  late	  afternoon,	  allowing	  for	  capture	  of	  both	  nocturnal	  and	  diurnal	  species.	  	  
The	  morning	  after	  the	  fourth	  trap	  night,	  all	  traps	  were	  checked	  and	  removed.	  
Each	  individual	  captured	  was	  identified	  to	  species	  using	  keys	  and	  
information	  on	  age,	  sex,	  breeding	  status	  and	  weight	  was	  recorded.	  	  Each	  individual	  
was	  also	  marked	  with	  a	  unique	  ear	  tag	  in	  each	  ear,	  and	  all	  chipmunks	  had	  ear	  
clippings	  taken	  for	  genetic	  analysis	  to	  aid	  in	  accurate	  species	  identification.	  	  Ear,	  tail,	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body	  length	  and	  hind	  foot	  length	  measurements	  were	  also	  taken	  when	  identification	  
was	  in	  question.	  
	  
Analyses	  
	   From	  the	  vegetation	  data	  at	  each	  site,	  I	  calculated	  site-­‐wide	  averages	  for	  
variables	  that	  are	  both	  relevant	  to	  management	  and	  likely	  to	  influence	  the	  small	  
mammal	  community,	  including	  herbaceous	  percent	  cover,	  shrub	  percent	  cover,	  
small,	  medium,	  and	  large	  trees	  and	  snags	  per	  hectare,	  DBH,	  tree	  height,	  canopy	  
percent	  cover,	  and	  CWD	  volume	  per	  hectare.	  	  Herbaceous	  and	  shrub	  percent	  cover	  
were	  calculated	  by	  combining	  the	  cover	  frequency	  of	  all	  species	  with	  an	  herbaceous	  
or	  shrub	  growth	  form,	  respectively,	  in	  the	  measurements	  for	  each	  quadrat,	  and	  then	  
averaging	  the	  percent	  cover	  of	  each	  growth	  form	  from	  all	  quadrats	  in	  the	  site.	  	  Small	  
(15-­‐30cm	  DBH),	  medium	  (30-­‐60cm	  DBH),	  and	  large	  (>	  60cm	  DBH)	  trees	  per	  hectare	  
were	  calculated	  by	  multiplying	  the	  average	  number	  of	  trees	  per	  survey	  plot	  in	  each	  
class	  by	  10.	  	  Snags	  per	  hectare	  were	  calculated	  by	  multiplying	  the	  average	  number	  
of	  snags	  per	  survey	  plot	  by	  10.	  	  Average	  DBH	  and	  height	  were	  calculated	  by	  
averaging	  the	  DBH	  or	  height	  of	  all	  mature	  trees	  across	  all	  survey	  plots.	  	  Average	  
percent	  canopy	  cover	  was	  calculated	  by	  averaging	  the	  percent	  canopy	  cover	  of	  all	  
survey	  plots.	  	  CWD	  volume	  per	  hectare	  was	  calculated	  per	  Marshall	  et.	  al	  (2000),	  
and	  is	  expressed	  in	  units	  of	  m3/hectare.	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CWD	  Calculations	  
Per	  Piece	  Volume:	  
Smalian’s	  formula	  (Avery	  
and	  Burkhart	  1994,	  p.	  55;	  
Waddell,	  2002):	  
Probability	  of	  transect	  
intersecting	  a	  piece:	  	  
	  
CWD	  Volume	  per	  hectare	  
(Marshall	  et.	  al.	  2000):	  
Equation	  1:	  	  
	  
𝑣!" =   
(𝐵!"   +   𝑏!")
2 𝑙!" 	  
	  
	  
















where	  vij	  represents	  the	  
log	  volume	  in	  cubic	  
meters	  (m3),	  Bij	  indicates	  
the	  cross-­‐sectional	  area	  at	  
the	  large	  end	  of	  the	  log,	  bij	  
indicates	  the	  cross-­‐
sectional	  area	  at	  the	  small	  
end	  of	  the	  log,	  and	  lij	  is	  the	  
total	  length	  of	  the	  log.	  
where	  pij	  is	  the	  probability	  
of	  the	  transect	  
intersecting	  the	  piece	  of	  
CWD,	  L	  is	  the	  length	  of	  the	  
transect,	  lij	  is	  the	  length	  of	  
the	  piece,	  and	  A	  is	  the	  area	  
of	  interest.	  
where	  yi	  is	  the	  total	  
volume	  (m3)	  in	  area	  A	  
represented	  by	  the	  CWD	  
pieces	  intersected	  by	  
transect	  i,	  mi	  is	  the	  
number	  of	  pieces	  of	  CWD	  
intersecting	  transect	  i,	  vij	  
is	  the	  volume	  of	  piece	  j	  on	  
line	  i	  in	  m3,	  and	  pij	  is	  the	  
probability	  of	  transect	  i	  






From	  the	  small	  mammal	  capture	  data	  at	  each	  site,	  I	  calculated	  the	  abundance	  
in	  terms	  of	  individuals	  captured	  per	  100	  trap	  nights	  for	  each	  species	  detected,	  as	  
well	  as	  for	  species	  groups	  where	  identification	  was	  difficult,	  overall	  species	  richness	  
and	  the	  Gini-­‐Simpson	  (Probability	  of	  Interspecific	  Encounter,	  or	  PIE)	  diversity	  
index.	  	  The	  inclusion	  of	  trapping	  effort	  was	  important	  to	  standardize	  abundance	  
between	  sites,	  as	  bear	  damage	  varied	  from	  site	  to	  site	  and	  year	  to	  year.	  	  In	  addition,	  
extra	  traps	  were	  set	  in	  a	  second,	  denser	  grid	  on	  several	  sites	  during	  the	  first	  year	  of	  
the	  study	  to	  determine	  optimal	  spacing	  of	  traps,	  and	  in	  one	  season	  traps	  were	  
removed	  after	  the	  third	  trap	  night	  instead	  of	  the	  fourth.	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   GPS	  corner	  locations	  from	  all	  sites,	  and	  post-­‐treatment	  survey	  GPS	  locations	  
from	  treatment	  sites	  were	  imported	  into	  a	  single	  map	  project	  using	  ESRI	  ArcMap	  
software,	  and	  the	  location	  data	  converted	  to	  NAD83	  if	  originally	  recorded	  in	  any	  
other	  datum.	  	  A	  shape	  file	  of	  regular	  6	  x	  12	  points	  with	  30	  meter	  spacing	  was	  then	  
created	  to	  represent	  the	  site	  trapping	  grids	  using	  the	  Hawth’s	  Tools	  extension	  
(Beyer	  2004),	  overlaid	  on	  each	  site	  area,	  and	  adjusted	  to	  best	  match	  the	  available	  
GPS	  points.	  	  The	  Polygon	  tool	  in	  ArcMap	  was	  then	  used	  to	  trace	  the	  untreated	  areas	  
within	  treatment	  sites	  based	  on	  the	  GPS	  points	  recorded	  during	  the	  post-­‐treatment	  
survey.	  	  These	  polygons	  were	  buffered	  by	  5	  meters	  and	  used	  in	  conjunction	  with	  the	  
site	  grids	  and	  the	  intersect	  tool	  to	  determine	  which	  points	  fell	  into	  the	  treated	  or	  
untreated	  areas	  of	  each	  site.	  	  Data	  from	  vegetation	  survey	  plots	  and	  small	  mammal	  
trapping	  stations	  that	  fell	  within	  the	  untreated	  areas	  were	  excluded	  from	  analyses.	  
	  	  
Question	  1:	  	  What	  aspects	  of	  forest	  structure	  are	  important	  to	  individual	  small	  
mammal	  species?	  	  To	  the	  small	  mammal	  community	  overall?	  
To	  address	  questions	  concerning	  general	  association	  of	  small	  mammal	  
species	  and	  community	  structure	  with	  gradients	  in	  forest	  structure,	  I	  used	  data	  from	  
surveys	  of	  both	  control	  and	  treatment	  sites	  during	  the	  2006	  field	  season	  prior	  to	  
any	  forest	  restoration	  treatment	  activity.	  	  For	  species-­‐specific	  analyses,	  I	  considered	  
only	  those	  species	  captured	  at	  >50%	  of	  my	  study	  sites	  (Table	  18).	  
I	  utilized	  a	  correlation	  matrix	  to	  identify	  potential	  relationships	  between	  
forest	  structure	  and	  small	  mammal	  abundance,	  then	  further	  examined	  those	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relationships	  which	  had	  a	  score	  of	  +/-­‐	  0.4	  or	  higher	  using	  either	  Pearson’s	  or	  
Spearman’s	  correlation	  test,	  indicating	  a	  moderate	  to	  very	  strong	  effect	  size	  (Cohen,	  
1988),	  and	  a	  pair-­‐wise	  P-­‐value	  of	  .05	  or	  less.	  	  In	  addition,	  I	  looked	  for	  any	  significant	  
relationships	  between	  individual	  forest	  structure	  variables	  and	  species	  richness	  and	  
the	  Simpson’s	  index	  for	  the	  small	  mammal	  community.	  	  Significance	  levels	  for	  all	  
analyses	  were	  set	  at	  P-­‐values	  of	  0.05	  or	  lower.	  	  Program	  R	  (R	  Core	  Team	  2014)	  was	  
used	  to	  perform	  all	  analyses	  unless	  otherwise	  noted.	  
To	  compute	  dissimilarity	  indices	  between	  sites	  based	  on	  small	  mammal	  
abundances,	  I	  used	  the	  Bray-­‐Curtis	  method	  (Gotelli	  &	  Ellison	  2004),	  which	  is	  
commonly	  used	  with	  ecological	  count	  or	  abundance	  data.	  	  I	  used	  the	  scale	  function	  
in	  Program	  R	  (R	  Core	  Team	  2014)	  to	  standardize	  the	  forest	  structure	  variables	  as	  Z-­‐
scores	  (Gotelli	  &	  Ellison	  2004),	  and	  function	  vegdist	  included	  in	  package	  vegan	  
(Oksanen	  et	  al.	  2015)	  to	  calculate	  Euclidean	  distances	  between	  sites	  from	  these	  
standardized	  forest	  structure	  variables.	  
Using	  complete	  agglomerative	  hierarchical	  clustering	  methods	  on	  
dissimilarity	  index	  tables	  for	  sites	  and	  either	  small	  mammal	  abundances	  or	  forest	  
structure	  characteristics,	  I	  generated	  cluster	  dendrograms	  depicting	  the	  structure	  of	  
relatedness	  between	  sites.	  	  I	  then	  cut	  the	  tree	  into	  groups	  by	  evaluating	  the	  
explained	  variance	  of	  clustering,	  after	  computing	  sum	  of	  squares	  given	  hierarchical	  
clustering	  using	  the	  function	  css.hclust	  in	  the	  GMD	  package	  (Zhao	  &	  Sandelin	  2014).	  	  
The	  number	  of	  clusters	  was	  set	  to	  k	  where	  increasing	  the	  number	  of	  clusters	  by	  one	  
did	  not	  increase	  the	  explained	  variation	  by	  10%	  or	  more.	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   Using	  NMDS,	  I	  looked	  for	  clustering	  within	  the	  data	  to	  illustrate	  how	  closely	  
sites	  with	  similar	  forest	  structure	  or	  small	  mammal	  communities	  were	  related	  to	  
each	  other.	  	  I	  then	  assigned	  a	  group	  value	  from	  the	  previous	  clustering	  exercises	  to	  
each	  site	  based	  on	  their	  similarity,	  and	  overlaid	  these	  groups	  onto	  the	  NMDS	  plots	  to	  
visually	  assess	  whether	  these	  clusters	  had	  major	  overlaps	  or	  were	  discrete	  groups.	  	  	  
Then,	  by	  showing	  both	  small	  mammal	  community	  and	  forest	  structure	  clusters	  on	  
the	  same	  figure,	  I	  visually	  evaluated	  the	  association	  of	  small	  mammal	  and	  forest	  
structure	  clusters.	  	  Because	  NMDS	  uses	  the	  ecological	  distance	  between	  sites,	  and	  
does	  not	  directly	  relate	  environmental	  variables	  to	  community	  variables	  such	  as	  
species	  abundances,	  I	  used	  the	  envfit	  function	  included	  in	  package	  vegan	  (Oksanen	  
et	  al.	  2015)	  to	  show	  correlations	  of	  forest	  structure	  factors	  on	  the	  small	  mammal	  
community	  NMDS	  ordination.	  	  I	  also	  conducted	  a	  redundancy	  analysis	  to	  further	  
explore	  these	  relationships.	  
To	  examine	  the	  direct	  relationship	  between	  the	  forest	  structure	  and	  small	  
mammal	  community	  assembly,	  I	  performed	  a	  redundancy	  analysis	  (Braak	  &	  
Prentice	  1988),	  or	  RDA,	  using	  function	  rda	  included	  in	  package	  vegan	  (Oksanen	  et	  
al.	  2015).	  	  I	  also	  used	  an	  RDA	  to	  look	  at	  the	  role	  abiotic	  factors	  such	  as	  elevation,	  
slope,	  aspect,	  and	  location	  might	  play	  in	  the	  determination	  of	  small	  mammal	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Question	  2:	  	  What	  are	  the	  effects	  of	  treatment	  on	  forest	  structure?	  
	   To	  determine	  the	  effects	  of	  treatment	  on	  forest	  structure,	  I	  calculated	  the	  
percent	  difference	  between	  pre	  and	  post	  treatment	  conditions	  on	  all	  sites.	  	  Then,	  to	  
account	  for	  natural	  changes	  in	  forest	  structure	  as	  well	  as	  potential	  forest	  
mensuration	  protocol	  differences	  between	  years,	  for	  each	  forest	  structure	  variable	  I	  
subtracted	  the	  change	  in	  the	  control	  site	  from	  the	  change	  in	  its	  paired	  treatment	  
site.	  	  I	  then	  used	  these	  relative	  degrees	  of	  change	  in	  forest	  structure	  to	  discuss	  the	  
effects	  of	  forest	  restoration	  treatment	  on	  forest	  structure.	  
	   To	  compare	  changes	  in	  within-­‐site	  variation	  in	  forest	  structure	  post-­‐
treatment,	  I	  calculated	  the	  relative	  percent	  differences	  in	  within-­‐site	  variation	  
between	  control	  and	  treatment	  sites	  pre	  and	  post	  treatment.	  	  Variation	  was	  
calculated	  by	  the	  StDev	  function	  for	  evaluating	  population	  samples	  in	  Microsoft	  
Access	  for	  each	  forest	  structure	  variable	  on	  each	  site	  from	  all	  vegetation	  survey	  
plots.	  
	   In	  order	  to	  visualize	  the	  changes	  in	  forest	  structure	  post-­‐treatment	  in	  terms	  
of	  ecological	  distance	  between	  sites,	  I	  used	  the	  scale	  function	  in	  Program	  R	  (R	  Core	  
Team	  2014)	  to	  standardize	  the	  forest	  structure	  variables	  as	  Z-­‐scores	  (Gotelli	  &	  
Ellison	  2004),	  and	  function	  vegdist	  included	  in	  package	  vegan	  (Oksanen	  et	  al.	  2015)	  
to	  calculate	  Euclidean	  distances	  between	  sites	  from	  these	  standardized	  forest	  
structure	  variables.	  	  I	  then	  ran	  this	  site	  distance	  matrix	  through	  the	  metaMDS	  
function	  included	  in	  package	  vegan	  (Oksanen	  2015),	  to	  perform	  NMDS,	  and	  visually	  
assessed	  the	  plot	  for	  clustering	  of	  treated	  and	  untreated	  sites.	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To	  examine	  site	  clustering	  based	  on	  forest	  structure	  post-­‐treatment,	  I	  
performed	  a	  redundancy	  analysis	  (Braak	  &	  Prentice	  1988)	  using	  function	  rda	  
included	  in	  package	  vegan	  (Oksanen	  et	  al.	  2015).	  	  
	   Using	  complete	  agglomerative	  hierarchical	  clustering	  methods	  on	  the	  
dissimilarity	  index	  tables	  for	  sites	  and	  forest	  structure	  characteristics	  generated	  
previously	  for	  NMDS,	  I	  generated	  cluster	  dendrograms	  depicting	  the	  structure	  of	  
relatedness	  between	  sites.	  	  I	  then	  cut	  the	  tree	  into	  groups	  by	  evaluating	  the	  
explained	  variance	  of	  clustering	  models,	  after	  computing	  sum	  of	  squares	  given	  
hierarchical	  clustering	  using	  the	  function	  css.hclust	  in	  the	  GMD	  package	  (Zhao	  &	  
Sandelin	  2014).	  	  The	  number	  of	  clusters	  was	  set	  to	  k	  where	  increasing	  the	  number	  
of	  clusters	  by	  one	  did	  not	  increase	  the	  explained	  variation	  by	  10%	  or	  more.	  
	  
Question	  3:	  	  How	  did	  small	  mammals	  generally	  respond	  to	  forest	  restoration	  
treatments?	  
To	  explore	  the	  effects	  of	  treatment	  on	  small	  mammal	  species,	  I	  calculated	  the	  
percent	  difference	  between	  pre	  and	  post	  treatment	  abundance	  on	  all	  sites,	  setting	  
the	  increase	  or	  decrease	  to	  100%	  if	  the	  pre	  or	  post	  treatment	  surveys	  had	  no	  
captures	  for	  that	  period,	  respectively.	  	  I	  then	  excluded	  any	  species	  that	  were	  not	  
captured	  on	  at	  least	  50%	  of	  site-­‐pairs	  and	  evaluated	  the	  strength	  of	  each	  response.	  	  I	  
also	  calculated	  the	  percent	  difference	  between	  pre	  and	  post	  treatment	  species	  
richness	  and	  the	  GINI/Simpson’s	  index	  for	  all	  sites.	  	  I	  then	  calculated	  the	  relative	  
percent	  change	  in	  small	  mammal	  species	  abundances,	  species	  richness,	  and	  the	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GINI/Simpson’s	  index	  between	  treatment	  and	  control	  sites	  and	  graphed	  these	  
changes	  to	  compare	  treatment	  responses	  for	  each	  treatment	  type.	  	  
	   In	  order	  to	  see	  if	  post-­‐treatment	  small	  mammal	  communities	  were	  distinct	  
from	  those	  found	  at	  pre-­‐treatment	  or	  control	  sites,	  I	  visualized	  the	  small	  mammal	  
community	  data	  using	  an	  NMDS	  plot	  of	  the	  Bray-­‐Curtis	  dissimilarity	  between	  sites	  
based	  on	  small	  mammal	  species	  abundances,	  noting	  the	  treatment	  status	  of	  each	  
site	  and	  number	  of	  years	  post-­‐treatment	  for	  each	  treated	  site.	  
To	  visualize	  the	  relative	  change	  in	  small	  mammal	  communities	  within	  sites	  
between	  the	  pre	  and	  post	  treatment	  period,	  I	  visualized	  the	  change	  in	  small	  
mammal	  community	  data	  using	  an	  NMDS	  plot	  of	  the	  Euclidean	  distance	  between	  
sites	  based	  on	  the	  change	  in	  small	  mammal	  species	  abundances	  from	  the	  pre	  
treatment	  to	  post	  treatment	  periods.	  	  Euclidean	  distance	  was	  used	  rather	  than	  Bray-­‐
Curtis	  dissimilarity	  as	  Bray-­‐Curtis	  can	  give	  unreliable	  results	  when	  negative	  values	  
are	  present.	  	  In	  this	  case,	  a	  negative	  value	  for	  species	  abundance	  represents	  a	  
decline	  in	  abundance	  for	  that	  species	  from	  the	  pre	  to	  post	  treatment	  period.	  	  	  
	  	   As	  a	  measure	  of	  small	  mammal	  community	  change	  within	  sites	  across	  the	  
duration	  of	  the	  study,	  I	  used	  function	  ordiareatest	  in	  package	  vegan	  (Oksanen	  et	  al.	  
2015)	  to	  compare	  the	  area	  of	  the	  hull	  that	  encompasses	  all	  surveys	  of	  a	  site	  in	  the	  
ordination	  space	  to	  the	  area	  of	  random	  hulls	  over	  the	  course	  of	  100,000	  
permutations.	  
To	  compute	  dissimilarity	  indices	  between	  sites	  based	  on	  small	  mammal	  
abundances,	  I	  used	  the	  Bray-­‐Curtis	  method	  (Gotelli	  &	  Ellison	  2004),	  which	  is	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commonly	  used	  with	  ecological	  count	  or	  abundance	  data.	  	  Using	  complete	  
agglomerative	  hierarchical	  clustering	  methods	  on	  this	  dissimilarity	  index	  table	  for	  
sites	  and	  small	  mammal	  abundances,	  I	  generated	  cluster	  dendrograms	  depicting	  the	  
structure	  of	  relatedness	  between	  sites	  in	  terms	  of	  the	  small	  mammal	  community.	  	  I	  
then	  cut	  the	  tree	  into	  groups	  by	  evaluating	  the	  explained	  variance	  of	  clustering	  
models	  after	  computing	  sum	  of	  squares	  given	  hierarchical	  clustering	  using	  the	  
function	  css.hclust	  in	  the	  GMD	  package	  (Zhao	  &	  Sandelin	  2014).	  	  The	  number	  of	  
clusters	  was	  set	  to	  k	  where	  increasing	  the	  number	  of	  clusters	  by	  one	  did	  not	  
increase	  the	  explained	  variation	  by	  10%	  or	  more.	  
	  
Question	  4:	  	  How	  did	  small	  mammals	  respond	  to	  specific	  changes	  in	  forest	  structure	  
as	  a	  result	  of	  treatment?	  
To	  address	  questions	  concerning	  association	  of	  change	  in	  small	  mammal	  
species	  abundances	  and	  community	  structure	  with	  changes	  to	  forest	  structure	  post-­‐
treatment,	  I	  used	  data	  from	  control	  and	  treatment	  control	  sites	  before	  and	  after	  
forest	  restoration	  treatment	  activity.	  	  I	  calculated	  the	  change	  in	  each	  variable	  after	  
treatment	  activity,	  as	  well	  as	  the	  relative	  change	  in	  treatment	  sites	  vs.	  control	  sites.	  	  
For	  species-­‐specific	  analyses,	  I	  considered	  only	  those	  species	  captured	  at	  >50%	  of	  
my	  study	  sites	  (Table	  18).	  
I	  utilized	  a	  correlation	  matrix	  to	  identify	  potential	  relationships	  between	  
changes	  in	  forest	  structure	  and	  changes	  in	  small	  mammal	  abundance,	  then	  further	  
examined	  those	  relationships	  which	  had	  a	  score	  of	  +/-­‐	  0.4	  or	  higher	  using	  either	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Pearson’s	  or	  Spearman’s	  correlation	  test,	  indicating	  a	  moderate	  to	  very	  strong	  effect	  
size	  (Cohen	  1988),	  and	  a	  pair-­‐wise	  P-­‐value	  of	  .05	  or	  less.	  	  In	  addition,	  I	  looked	  for	  
any	  significant	  relationships	  between	  changes	  in	  individual	  forest	  structure	  
variables	  and	  changes	  in	  species	  richness	  and	  the	  Simpson’s	  index	  for	  the	  small	  
mammal	  community.	  	  Significance	  levels	  for	  all	  analyses	  were	  set	  at	  P-­‐values	  of	  0.05	  
or	  lower.	  	  	  
	   26	  
RESULTS	  
	  
Summary	  Results	  of	  Small	  Mammal	  Surveys	  
	   Over	  the	  six	  year	  duration	  of	  this	  study,	  a	  total	  of	  2027	  unique	  individuals	  
were	  captured	  across	  all	  sites	  surveyed.	  	  Of	  the	  16	  small	  mammal	  species	  
encountered,	  only	  seven	  species	  were	  represented	  by	  50	  or	  more	  individuals.	  	  In	  
order	  of	  most	  to	  least	  abundant,	  these	  seven	  species	  were	  P.	  maniculatus	  (535	  
individuals,	  26.32%	  of	  total	  captures),	  T.	  senex	  (452	  individuals,	  22.23%	  of	  total	  
captures),	  T.	  quadrimaculatus	  (404	  individuals,	  19.87%	  of	  total	  captures),	  T.	  
amoenus	  (247	  individuals,	  12.15%	  of	  total	  captures),	  T.	  douglasii	  (131	  individuals,	  
6.44%	  of	  total	  captures),	  G.	  sabrinus	  (88	  individuals,	  4.33%	  of	  total	  captures),	  and	  O.	  
beecheyi	  (62	  individuals,	  3.05%	  of	  total	  captures).	  
	   Only	  three	  species	  were	  encountered	  at	  all	  sites,	  and	  no	  species	  was	  
encountered	  at	  all	  sites	  during	  all	  trapping	  sessions.	  	  The	  three	  species	  encountered	  
at	  all	  sites	  were	  T.	  quadrimaculatus	  (90%	  of	  trapping	  sessions),	  T.	  senex	  (92%	  of	  
trapping	  sessions),	  and	  P.	  maniculatus	  (80%	  of	  trapping	  sessions).	  
	   A	  further	  four	  species	  were	  encountered	  at	  50%	  or	  more	  of	  the	  study	  sites.	  
These	  were	  the	  remainder	  of	  the	  seven	  species	  with	  50	  or	  more	  individuals	  
captured:	  G.	  sabrinus	  (92%	  of	  sites,	  60%	  of	  trapping	  sessions),	  O.	  beecheyi	  (67%	  of	  
sites,	  35%	  of	  trapping	  sessions),	  T.	  douglasii	  (92%	  of	  sites,	  65%	  of	  trapping	  
sessions),	  and	  T.	  amoenus	  (58%	  of	  sites,	  39%	  of	  trapping	  sessions).	  	  A	  full	  summary	  
of	  these	  results	  is	  included	  as	  Table	  6.	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Genetic	  Verification	  of	  Chipmunk	  Field	  Identifications	  
	   A	  random	  selection	  of	  90	  tissue	  samples	  taken	  from	  all	  chipmunks	  captured	  
from	  2008	  -­‐	  2011	  were	  sent	  for	  genetic	  analysis	  to	  verify	  my	  field	  identification	  of	  
species.	  	  Accuracy	  of	  field	  identifications	  of	  chipmunks	  ranged	  from	  95.24%	  for	  T.	  
amoenus	  to	  73.33%	  for	  T.	  senex.	  	  Results	  for	  all	  chipmunk	  species	  are	  summarized	  in	  
Table	  5.	  	  
	  
Question	  1:	  	  What	  aspects	  of	  forest	  structure	  are	  important	  to	  individual	  small	  
mammal	  species?	  	  To	  the	  small	  mammal	  community	  overall?	  
Forest	  Structure	  vs.	  Small	  Mammal	  Species	  
Potentially	  significant	  pair-­‐wise	  relationships	  between	  individual	  species	  or	  
diversity	  measures	  and	  forest	  structure	  are	  summarized	  in	  Table	  8.	  	  There	  are	  few	  
significant	  simple	  linear	  relationships	  between	  measured	  forest	  characteristics	  and	  
small	  mammal	  species	  abundance	  or	  diversity	  measures.	  	  	  
The	  relationships	  between	  T.	  quadrimaculatus	  and	  trees	  per	  hectare	  (R2	  =	  -­‐
0.6187)	  and	  rotten	  CWD	  volume	  per	  hectare	  (R2	  =	  0.6635)	  are	  illustrated	  in	  Figure	  
5.	  	  In	  addition,	  significant	  linear	  relationships	  are	  suggested	  between	  T.	  
quadrimaculatus	  and	  overall	  CWD	  volume	  per	  hectare	  (R2	  =	  .6078),	  and	  medium	  
trees	  per	  hectare	  (R2	  =	  -­‐.5773).	  	  	  O.	  beecheyi	  abundance	  seems	  to	  be	  positively	  
associated	  with	  shrub	  cover,	  though	  whether	  this	  relationship	  is	  linear	  (R2	  =	  .5832)	  
or	  non-­‐linear	  (R2	  =	  .6157)	  is	  unclear.	  	  The	  abundance	  of	  T.	  douglasii	  appears	  to	  have	  
a	  strong	  non-­‐linear	  correlation	  to	  the	  density	  of	  medium	  trees	  (R2	  =	  -­‐.8507).	  	  No	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other	  species	  or	  diversity	  indices	  were	  significantly	  correlated	  with	  any	  of	  the	  forest	  
structure	  variables	  measured.	  
	  
Forest	  Structure	  and	  Small	  Mammal	  Community	  Site	  Clustering	  	  
Both	  small	  mammal	  community	  dissimilarity	  and	  forest	  structure	  distance	  
measures	  resulted	  in	  four	  site	  clusters	  using	  explained	  variance	  (Figure	  6,	  Table	  9).	  	  
The	  site	  clusters	  based	  on	  forest	  structure	  Euclidean	  distance,	  as	  shown	  in	  Figure	  7,	  
were	  (1)	  DEDO,	  (2)	  HMWD,	  MULL,	  (3)	  BOAA,	  SKET,	  (4)	  DANY,	  CHNQ,	  BOTA,	  TMBW,	  
CALC,	  ARND,	  BLKW.	  	  The	  site	  clusters	  based	  on	  small	  mammal	  community	  
dissimilarity,	  as	  shown	  in	  Figure	  8,	  were	  (1)	  SKET,	  (2)	  BOTA,	  BLKW,	  MULL,	  TMBW,	  
CHNQ,	  HMWD,	  (3)	  ARND,	  (4)	  BOAA,	  CALC,	  DANY,	  DEDO.	  	  	  
	  
Forest	  Structure	  vs.	  Small	  Mammal	  Community	  Similarity/Distance	  	  
Assessment	  of	  the	  clustering	  of	  field	  sites	  based	  on	  forest	  structure	  as	  plotted	  
using	  Non-­‐Metric	  Multidimensional	  Scaling	  (Figure	  9)	  shows	  that	  these	  clusters	  do	  
not	  overlap	  and	  are	  distinct	  from	  one	  another.	  	  Assessment	  of	  Figure	  10,	  where	  sites	  
are	  plotted	  based	  on	  the	  dissimilarity	  of	  their	  small	  mammal	  community	  
compositions,	  reveals	  similarly	  distinct	  clusters,	  though	  two	  of	  them	  consist	  of	  
single	  sites.	  	  The	  lack	  of	  congruence	  between	  small	  mammal	  community	  clusters	  
plotted	  in	  forest	  structure	  space	  and	  forest	  structure	  clusters	  suggests	  that	  there	  is	  
not	  a	  strong	  relationship	  between	  the	  forest	  structure	  at	  a	  site	  and	  its	  small	  
mammal	  community	  (Figure	  11).	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The	  results	  of	  a	  fitting	  of	  forest	  structure	  factors	  onto	  the	  small	  mammal	  
community	  NMDS	  ordination	  are	  summarized	  in	  Table	  10.	  	  Of	  the	  forest	  structure	  
variables	  measured,	  only	  herb	  cover	  was	  significant.	  
Based	  on	  the	  redundancy	  analysis,	  89%	  of	  variation	  in	  the	  small	  mammal	  
community	  is	  explained	  by	  the	  first	  two	  components	  (Table	  11).	  	  DBH,	  Tree	  Density,	  
and	  Canopy	  Cover	  are	  important	  in	  both	  components,	  while	  Herb	  Cover	  and	  CWD	  
did	  not	  contribute	  significantly	  to	  the	  first	  component	  but	  were	  important	  in	  the	  
second	  component	  (Table	  12).	  	  This	  redundancy	  analysis	  is	  visualized	  in	  Figure	  12.	  
	  
Question	  2:	  What	  are	  the	  effects	  of	  treatment	  on	  forest	  structure?	  
Changes	  in	  Forest	  Structure	  Site	  Clustering	  Post-­‐Treatment	  
Forest	  structure	  distance	  measures	  resulted	  in	  four	  site	  clusters	  using	  the	  
explained	  variance	  (Figure	  13,	  Table	  13).	  	  The	  site	  clusters	  based	  on	  pre-­‐treatment	  
forest	  structure	  Euclidean	  distance,	  as	  shown	  in	  Figure	  7,	  were	  (1)	  DEDO,	  (2)	  
HMWD,	  MULL,	  (3)	  BOAA,	  SKET,	  (4)	  DANY,	  CHNQ,	  BOTA,	  TMBW,	  CALC,	  ARND,	  
BLKW.	  	  	  Site	  clusters	  based	  on	  pre	  and	  post-­‐treatment	  forest	  structure	  Euclidean	  
distance,	  as	  shown	  in	  Figure	  14,	  were	  (1)	  BLKW	  post,	  BOAA	  post,	  MULL	  post,	  BOTA	  
post,	  CHNQ	  post,	  DANY	  post,	  (2)	  DEDO	  pre,	  DEDO	  post,	  DANY	  pre,	  TMBW	  pre,	  
TMBW	  post,	  (3)	  MULL	  pre,	  HMWD	  pre,	  HMWD	  post,	  (4)	  ARND	  post,	  ARND	  pre,	  
BLKW	  pre,	  CALC	  pre,	  CALC	  post,	  CHNQ	  pre,	  SKET	  pre,	  BOAA	  pre,	  SKET	  post.	  	  All	  
treated	  sites	  were	  grouped	  together	  in	  cluster	  (1)	  in	  this	  exercise.	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Relative	  Changes	  in	  Forest	  Structure	  
Relative	  to	  control	  sites	  that	  did	  not	  receive	  restoration	  treatment,	  sites	  that	  
received	  forest	  restoration	  treatment	  on	  average	  experienced	  reductions	  in	  the	  
number	  of	  medium	  trees,	  small	  trees,	  snags	  and	  all	  trees	  per	  hectare,	  volume	  of	  all	  
categories	  of	  coarse	  woody	  debris,	  as	  well	  as	  percent	  canopy	  cover	  and	  shrub	  cover,	  
and	  experienced	  increases	  in	  average	  DBH	  and	  height	  of	  trees	  (Figure	  15).	  
Compared	  to	  mechanical	  treatments,	  hand	  treatments	  saw	  a	  smaller	  average	  
reduction	  in	  all	  trees,	  medium	  trees,	  small	  trees,	  and	  snags	  per	  hectare,	  volume	  of	  all	  
categories	  of	  coarse	  woody	  debris,	  and	  canopy	  cover,	  and	  smaller	  average	  increases	  
in	  average	  DBH	  and	  height	  of	  trees.	  	  In	  the	  case	  of	  shrub	  cover	  and	  large	  trees,	  the	  
direction	  of	  change	  was	  positive	  for	  hand	  treatments	  and	  negative	  for	  mechanical	  
treatments	  (Figure	  16).	  
	  
Relative	  Changes	  in	  Within-­‐Site	  Variation	  in	  Forest	  Structure	  
Average	  within	  site	  variation	  was	  reduced	  after	  treatment	  for	  all	  forest	  
structure	  variables	  except	  large	  trees	  per	  hectare	  and	  average	  DBH	  (Figure	  18).	  
When	  hand	  and	  mechanical	  treatment	  prescriptions	  were	  considered	  
separately,	  within-­‐site	  variation	  in	  forest	  structure	  was	  reduced	  for	  all	  measured	  
variables	  on	  mechanically	  treated	  sites,	  while	  within-­‐site	  variation	  in	  percent	  
canopy	  cover,	  DBH,	  and	  large	  trees	  per	  hectare	  increased	  on	  hand	  treated	  sites	  
(Figure	  19).	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Treatment	  effects	  visualized	  via	  NMDS	  
Visualizing	  sites	  on	  an	  NMDS	  plot	  using	  Euclidean	  distances	  between	  sites	  
based	  on	  their	  forest	  structure	  characteristics	  suggests	  a	  clear	  grouping	  of	  treated	  
sites	  distinct	  from	  the	  untreated	  sites	  (Figure	  20).	  	  	  	  
	  
Treatment	  effects	  visualized	  via	  RDA	  
In	  the	  redundancy	  analysis,	  91%	  of	  variation	  in	  forest	  structure	  between	  
sites	  is	  explained	  by	  the	  first	  four	  components	  (Table	  14),	  with	  63%	  explained	  by	  
the	  first	  two	  components	  (Figure	  21).	  	  	  Similar	  to	  the	  NMDS	  plot,	  the	  RDA	  plot	  shows	  
treated	  sites	  forming	  a	  cluster	  distinct	  from	  untreated	  sites,	  primarily	  along	  the	  first	  
component	  on	  the	  x-­‐axis.	  	  DBH,	  tree	  density,	  medium	  tree	  density,	  small	  tree	  
density,	  snag	  density,	  coarse	  woody	  debris	  volume	  and	  canopy	  cover	  are	  important	  
components	  of	  this	  first	  axis.	  
	  
Question	  3:	  How	  did	  small	  mammals	  generally	  respond	  to	  forest	  restoration	  
treatments?	  
Relative	  Changes	  in	  Abundance	  on	  Treatment	  vs.	  Control	  Sites	  After	  Treatment	  
Northern	  Flying	  Squirrel	  (G.	  sabrinus),	  mouse	  (Peromyscus	  spp.),	  T.	  speciosus,	  
and	  shrew	  abundances	  decreased	  on	  both	  hand	  and	  mechanically	  treated	  sites	  
relative	  to	  control	  sites.	  	  T.	  amoenus	  and	  O.	  beecheyi	  abundance	  increased	  on	  both	  
hand	  and	  mechanically	  treated	  sites	  relative	  to	  control	  sites.	  	  C.	  lateralis,	  T.	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quadrimaculatus,	  T.	  douglasii,	  and	  T.	  senex	  all	  had	  different	  response	  directions	  to	  
hand	  or	  mechanical	  treatment	  (Figure	  22).	  
	  
Changes	  in	  species	  richness	  and	  Simpson’s	  Index	  post	  treatment	  
Relative	  to	  changes	  in	  species	  richness	  and	  the	  GINI/Simpson’s	  index	  on	  
control	  sites	  over	  the	  same	  period,	  on	  average	  both	  measures	  were	  higher	  on	  hand	  
treated	  sites	  and	  lower	  on	  mechanically	  treated	  sites	  post	  treatment	  (Figure	  24).	  
	  
Change	  in	  small	  mammal	  community	  site	  clustering	  post-­‐treatment	  
Small	  mammal	  community	  distance	  measures	  resulted	  in	  four	  site	  clusters	  
using	  the	  explained	  variance	  (Figure	  25,	  Table	  16).	  	  The	  site	  clusters	  based	  on	  pre-­‐
treatment	  small	  mammal	  community	  dissimilarity,	  as	  shown	  in	  Figure	  8,	  were	  (1)	  
SKET,	  (2)	  BOTA,	  BLKW,	  MULL,	  TMBW,	  CHNQ,	  HMWD,	  (3)	  ARND,	  (4)	  BOAA,	  CALC,	  
DANY,	  DEDO.	  	  Site	  clusters	  based	  on	  pre	  and	  post-­‐treatment	  small	  mammal	  
community	  dissimilarity,	  as	  shown	  in	  Figure	  26,	  were	  (1)	  ARND	  pre,	  BLKW	  pre,	  
BLKW	  post,	  BOAA	  pre,	  BOTA	  pre,	  CALC	  pre,	  DANY	  pre,	  DEDO	  pre,	  HMWD	  pre,	  
HMWD	  post,	  MULL	  pre,	  MULL	  post,	  (2)	  ARND	  post,	  DANY	  post,	  (3)	  BOAA	  post,	  BOTA	  
post,	  CALC	  post,	  SKET	  pre,	  SKET	  post,	  (4)	  CHNQ	  pre,	  CHNQ	  post,	  DEDO	  post,	  TMBW	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Treatment	  effects	  visualized	  via	  NMDS	  
Visualizing	  sites	  on	  an	  NMDS	  plot	  using	  Bray-­‐Curtis	  dissimilarity	  between	  
sites	  based	  on	  small	  mammal	  species	  abundances,	  with	  treated	  and	  untreated	  sites	  
clearly	  labeled,	  does	  not	  suggest	  any	  clear	  clustering	  of	  treated	  sites.	  	  However,	  it	  
does	  appear	  that	  mechanically	  treated	  sites	  may	  experience	  greater	  change	  in	  their	  
small	  mammal	  communities	  between	  the	  first	  and	  second	  year	  post	  treatment	  than	  
hand	  treated	  sites	  (Figure	  27).	  	  	  The	  relative	  areas	  of	  convex	  hulls	  formed	  by	  all	  
surveys	  of	  each	  control	  site	  were	  generally	  similar	  to	  or	  smaller	  than	  those	  of	  
treatment	  sites.	  	  	  
Based	  on	  the	  NMDS	  plot	  of	  change	  in	  small	  mammal	  communities	  pre	  and	  
post	  treatment	  (Figure	  28),	  there	  does	  not	  seem	  to	  be	  a	  clear	  difference	  between	  
treated	  and	  untreated	  sites.	  	  This	  is	  surprising,	  as	  it	  would	  be	  expected	  that	  treated	  
sites	  would	  experience	  greater	  small	  mammal	  community	  change	  than	  untreated	  
sites	  over	  the	  same	  period.	  
	  
Question	  4:	  	  How	  did	  small	  mammals	  respond	  to	  specific	  changes	  in	  forest	  structure	  
as	  a	  result	  of	  treatment?	  
Forest	  Structure	  vs.	  Small	  Mammal	  Species	  
Potentially	  significant	  pair-­‐wise	  relationships	  between	  individual	  species	  or	  
diversity	  measures	  and	  forest	  structure	  are	  summarized	  in	  Table	  17	  and	  Figures	  29	  
and	  30.	  	  There	  are	  few	  significant	  simple	  linear	  relationships	  between	  measured	  
forest	  characteristics	  and	  small	  mammal	  species	  abundance	  or	  diversity	  measures.	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The	  relationship	  between	  the	  change	  in	  O.	  beecheyi	  abundance	  and	  change	  in	  
shrub	  cover	  post-­‐treatment	  (R2	  =	  0.8326)	  is	  illustrated	  in	  Figure	  31.	  	  In	  addition,	  
significant	  linear	  relationships	  are	  suggested	  between	  change	  in	  T.	  amoenus	  
abundance	  and	  change	  in	  overall	  CWD	  volume	  per	  hectare	  (R2	  =	  0.7077),	  and	  rotten	  
CWD	  volume	  per	  hectare	  (R2	  =	  0.6728),	  though	  these	  relationships	  may	  be	  better	  
explained	  non-­‐linearly	  (R2	  =	  0.8857	  &	  R2	  =	  0.9429,	  respectively).	  	  	  	  
The	  change	  in	  overall	  small	  mammal	  abundance	  appears	  to	  be	  negatively	  
correlated	  with	  the	  degree	  of	  change	  in	  average	  tree	  height,	  suggesting	  a	  generally	  
negative	  response	  to	  treatment	  activities	  (Figure	  32).	  	  Change	  in	  O.	  beecheyi	  
abundance	  seems	  to	  be	  positively	  associated	  with	  increased	  shrub	  cover.	  No	  other	  
changes	  in	  species	  abundance	  were	  significantly	  correlated	  with	  changes	  to	  any	  of	  
the	  forest	  structure	  variables	  measured.	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DISCUSSION	  
Question	  1:	  	  What	  aspects	  of	  forest	  structure	  are	  important	  to	  individual	  small	  
mammal	  species?	  	  To	  the	  small	  mammal	  community	  overall?	  
Most	  small	  mammal	  and	  community	  indices	  do	  not	  appear	  directly	  related	  to	  
any	  single	  component	  of	  forest	  structure.	  	  While	  my	  small	  sample	  size	  precludes	  
definitive	  statements	  about	  the	  relationship	  between	  measured	  forest	  structure	  
characteristics	  and	  small	  mammal	  species	  abundance,	  richness,	  and	  diversity,	  a	  few	  
interesting	  relationships	  do	  appear	  in	  the	  data.	  	  
For	  most	  species	  encountered,	  information	  available	  about	  their	  habitat	  
associations	  is	  limited	  to	  general	  descriptions	  of	  the	  species	  across	  their	  entire	  
range	  (i.e.	  species	  accounts),	  or	  to	  a	  few	  local	  accounts	  that	  usually	  focus	  on	  one	  
aspect	  of	  their	  behavior	  or	  ecosystem	  importance	  (Holdenried	  1940,	  Richardson	  &	  
Vander	  Wall	  2007).	  	  For	  many	  species,	  including	  T.	  douglasii	  and	  most	  chipmunk	  
species	  (Tamias	  spp.),	  masting	  events	  and	  general	  seed	  availability	  that	  can	  vary	  
greatly	  year-­‐to-­‐year	  may	  be	  a	  key	  determinant	  of	  abundance	  (Wilson	  et	  al.	  2008).	  	  
This	  cyclical	  abundance	  of	  food	  resources,	  while	  certainly	  related	  to	  forest	  structure	  
and	  composition	  in	  terms	  of	  mature	  cone-­‐bearing	  trees	  and	  seed	  production	  by	  
shrubs	  and	  herbs,	  is	  driven	  primarily	  by	  year	  effects	  such	  as	  precipitation	  and	  
temperature	  (Wilson	  et	  al.	  2008).	  	  It	  is	  possible	  that	  there	  was	  not	  enough	  variation	  
in	  species	  composition	  of	  trees	  and	  shrubs	  between	  my	  field	  sites	  to	  make	  a	  
significant	  difference	  in	  the	  availability	  of	  food	  resources,	  and	  that	  the	  differences	  in	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seed	  production	  between	  years	  was	  a	  primary	  driver	  of	  abundance	  for	  many	  
species.	  
In	  addition	  to	  seeds,	  fungi	  are	  an	  important	  component	  of	  the	  diets	  of	  many	  
small	  mammal	  species	  (Fogel	  &	  Trappe	  1978),	  but	  especially	  for	  G.	  sabrinus	  (Hall	  
1991,	  Meyer	  et	  al.	  2005).	  	  The	  availability	  of	  fungi	  can	  vary	  year	  to	  year,	  and	  is	  
strongly	  dependent	  upon	  soil	  moisture	  and	  precipitation	  for	  many	  species	  of	  fungus	  
(States	  &	  Gaud	  1997,	  Meyer	  and	  North	  2005).	  	  Riparian	  areas	  are	  more	  reliable	  
sources	  of	  these	  fungi	  than	  drier	  upland	  areas	  (Lehmkuhl	  et	  al.	  2004),	  so	  my	  sites	  
generally	  would	  be	  expected	  to	  have	  lower	  abundance	  of	  fungi,	  though	  many	  sites	  
have	  seasonal	  streams	  or	  were	  not	  far	  from	  year-­‐round	  water	  sources	  that	  could	  
provide	  a	  source	  of	  fungi	  for	  resident	  small	  mammals.	  	  The	  variation	  in	  availability	  
and	  relative	  abundance	  of	  desirable	  fungi	  species	  may,	  like	  the	  variation	  in	  seed	  
availability,	  be	  a	  key	  driver	  of	  small	  mammal	  abundance	  and	  composition	  of	  the	  
small	  mammal	  community	  year-­‐to-­‐year	  (Meyer	  et	  al.	  2005).	  	  	  
Because	  food	  resources	  may	  vary	  year-­‐to-­‐year	  out	  of	  sync	  with	  one	  another,	  
it	  is	  possible	  that	  the	  effect	  of	  year	  alone	  is	  not	  specific	  enough	  to	  make	  it	  a	  
significant	  factor	  in	  describing	  variation	  in	  the	  small	  mammal	  community.	  	  In	  
addition,	  the	  effect	  of	  food	  availability	  on	  the	  small	  mammal	  community	  is	  likely	  
greater	  than	  the	  relatively	  small	  variation	  in	  forest	  structure	  between	  sites,	  and	  thus	  
including	  a	  measure	  of	  seed	  production	  and	  fungi	  availability	  at	  each	  site	  for	  each	  
year	  may	  be	  an	  important	  metric	  to	  include	  in	  future	  studies	  of	  small	  mammal	  
communities.	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Though	  no	  significant	  relationships	  were	  found	  between	  G.	  sabrinus	  and	  
specific	  forest	  structure	  components,	  its	  abundance	  was	  negatively	  correlated	  with	  
coarse	  woody	  debris,	  shrub	  cover	  and	  snag	  density,	  and	  positively	  correlated	  with	  
canopy	  cover,	  overall	  tree	  density	  and	  the	  density	  of	  small	  trees.	  	  This	  is	  interesting,	  
as	  it	  suggests	  that	  more	  open	  forests	  may	  not	  be	  as	  suitable	  to	  G.	  sabrinus	  as	  more	  
dense	  forests,	  and	  that	  it	  may	  be	  negatively	  affected	  by	  understory	  thinning.	  	  The	  
negative	  relationship	  with	  snag	  density	  is	  surprising,	  as	  G.	  sabrinus	  often	  makes	  its	  
nests	  in	  tree	  cavities	  and	  abandoned	  woodpecker	  nests	  commonly	  found	  in	  snags,	  
especially	  during	  winter	  (Wells-­‐Gosling	  &	  Heaney,	  1984),	  although	  it	  is	  possible	  that	  
many	  suitable	  cavities	  were	  available	  in	  live	  trees	  across	  my	  study	  sites,	  rendering	  
snags	  less	  important.	  	  A	  recent	  study	  of	  G.	  sabrinus	  activity	  and	  home	  range	  size	  
found	  that	  the	  majority	  of	  nests	  were	  located	  in	  cavities	  of	  live	  tress,	  with	  a	  minority	  
in	  sound	  snags	  and	  very	  few	  located	  outside	  tree	  cavities	  (Wilson	  et	  al.	  2008).	  	  The	  
negative	  relationship	  with	  coarse	  woody	  debris	  is	  also	  interesting	  in	  light	  of	  the	  
positive	  relationship	  with	  tree	  density,	  as	  dense	  forests	  often	  have	  high	  volumes	  of	  
coarse	  woody	  debris,	  as	  both	  coarse	  woody	  debris	  and	  a	  dense	  understory	  of	  small	  
to	  medium	  trees	  are	  a	  result	  of	  infrequent	  fires	  and	  would	  be	  expected	  to	  vary	  
together.	  
Tamiasciurus	  douglasii	  appears	  to	  exhibit	  a	  significant	  negative	  nonlinear	  
response	  to	  the	  density	  of	  medium	  trees,	  which	  is	  in	  line	  with	  its	  known	  preference	  
for	  more	  mature	  forests	  with	  larger	  trees	  (Steele	  1999).	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The	  negative	  association	  of	  T.	  quadrimaculatus	  with	  the	  density	  of	  medium	  
trees	  (30-­‐60	  cm	  DBH)	  and	  overall	  trees	  per	  hectare	  suggests	  a	  preference	  for	  more	  
open	  forest.	  	  The	  natural	  history	  literature	  suggests	  that	  it	  can	  be	  associated	  with	  
both	  dense	  and	  open	  forests	  in	  this	  part	  of	  its	  range,	  but	  as	  this	  is	  also	  the	  only	  part	  
of	  its	  range	  where	  it	  is	  consistently	  sympatric	  with	  three	  congeners	  (T.	  senex,	  T.	  
speciosus,	  and	  T.	  amoenus),	  there	  may	  be	  an	  element	  of	  local	  habitat	  partitioning	  that	  
sees	  T.	  quadrimaculatus	  favor	  more	  open	  forest	  (Clawson	  et	  al.	  1994,	  Gannon	  &	  
Forbes	  1995).	  	  Indeed,	  specific	  accounts	  of	  this	  species	  state	  that	  in	  the	  Northern	  
Lake	  Tahoe	  basin,	  T.	  quadrimaculatus	  were	  found	  in	  open	  areas	  of	  mature	  forests	  
where	  large	  downed	  trees	  were	  available	  to	  provide	  shelter	  (Clawson	  et	  al.	  1994).	  	  
Its	  positive	  relationship	  with	  coarse	  woody	  debris	  volume	  agrees	  with	  these	  
previous	  observations	  that	  availability	  of	  coarse	  woody	  debris	  may	  provide	  
important	  sources	  of	  shelter	  for	  this	  species.	  	  My	  data	  suggest	  that	  T.	  
quadrimaculatus	  also	  has	  a	  non-­‐significant	  positive	  relationship	  with	  shrub	  cover,	  
and	  a	  non-­‐significant	  negative	  relationship	  with	  canopy	  cover	  and	  DBH.	  	  The	  
relationship	  with	  shrub	  cover	  is	  not	  surprising,	  as	  shrubs,	  along	  with	  coarse	  woody	  
debris,	  provide	  shelter	  in	  more	  open	  forests.	  	  The	  negative	  relationship	  to	  canopy	  
cover	  also	  fits	  with	  T.	  quadrimaculatus’s	  preference	  for	  more	  open	  forests,	  while	  the	  
negative	  relationship	  with	  DBH	  may	  suggest	  that	  while	  T.	  quadrimaculatus	  prefers	  
open	  forests,	  that	  it	  may	  prefer	  open	  forests	  that	  are	  not	  fully	  mature.	  
Although	  T.	  senex	  does	  not	  appear	  to	  have	  any	  significant	  relationships	  with	  
individual	  forests	  structure	  characteristics,	  it’s	  abundance	  does	  seem	  to	  be	  slightly	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negatively	  related	  to	  the	  density	  of	  trees	  and	  positively	  correlated	  with	  canopy	  
cover	  and	  coarse	  woody	  debris,	  which	  is	  in	  line	  with	  previous	  accounts	  that	  this	  
species	  prefers	  mature	  forest	  with	  a	  more	  closed	  canopy	  (Gannon	  &	  Forbes	  1995).	  
The	  abundance	  of	  P.	  maniculatus	  does	  not	  have	  any	  significant	  relationships	  
with	  measured	  forest	  structure	  characteristics,	  though	  abundance	  does	  appear	  to	  be	  
positively	  related	  to	  shrub	  cover	  and	  negatively	  related	  to	  canopy	  cover.	  	  This	  is	  in	  
line	  with	  expectations	  that	  P.	  maniculatus,	  though	  a	  generalist,	  does	  especially	  well	  
in	  less	  mature	  forests	  and	  disturbed	  areas,	  which	  would	  be	  expected	  to	  have	  lower	  
canopy	  cover	  and	  higher	  shrub	  cover	  (Zwolak	  2009).	  	  
The	  association	  of	  O.	  beecheyi	  with	  shrub	  cover	  is	  in	  line	  with	  their	  known	  
habitat	  preferences,	  as	  shrubs	  and	  other	  ground	  cover	  provide	  shelter	  from	  
predators	  and	  are	  also	  an	  indication	  of	  a	  more	  open	  canopy	  (Whitaker	  1997).	  	  
Otospermophilus	  beecheyi	  non-­‐significantly	  decreased	  in	  abundance	  as	  canopy	  cover	  
increased.	  	  
	  
Forest	  Structure	  vs.	  Small	  Mammal	  Community	  Similarity/Distance	  	  
Due	  to	  the	  lack	  of	  overlap	  between	  the	  forest	  structure	  similarity	  and	  small	  
mammal	  community	  similarity	  between	  sites,	  the	  NMDS	  analyses	  suggest	  that	  the	  
small	  mammal	  community	  may	  not	  assemble	  as	  a	  function	  of	  the	  forest	  structure	  
variables	  measured,	  or	  that	  unmeasured	  variables	  are	  more	  important	  in	  
determining	  the	  structure	  of	  the	  small	  mammal	  community.	  	  The	  fitting	  of	  forest	  
structure	  variables	  to	  the	  small	  mammal	  community	  NMDS	  ordination	  resulted	  in	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only	  herb	  cover	  being	  found	  as	  a	  significant	  vector.	  	  While	  this	  makes	  sense	  from	  an	  
ecological	  perspective,	  herb	  cover	  is	  one	  of	  the	  few	  variables	  expected	  to	  change	  
significantly	  year-­‐to-­‐year	  on	  all	  sites,	  and	  along	  with	  other	  forest	  structure	  variables	  
was	  only	  measured	  once	  pre	  and	  post	  treatment.	  	  Thus,	  it	  cannot	  be	  considered	  in	  
later	  analyses	  of	  treatment	  effects.	  
The	  differences	  in	  forest	  structure	  and	  small	  mammal	  community	  structure	  
seen	  in	  cluster	  analyses	  and	  NMDS	  visualizations	  suggest	  that,	  by	  surveying	  sites	  
with	  a	  more	  evenly	  distributed	  gradient	  of	  forest	  conditions,	  we	  might	  see	  a	  clearer	  
relationship	  between	  small	  mammal	  communities	  and	  forest	  structure.	  	  	  
Redundancy	  analysis	  suggests	  that	  although	  the	  small	  mammal	  community	  
and	  measured	  forest	  structure	  variables	  may	  not	  match	  up	  overall,	  that	  some	  
components	  of	  forest	  structure	  may	  be	  more	  important	  than	  others	  to	  the	  small	  
mammal	  community.	  	  In	  particular,	  Average	  DBH	  and	  CWD	  volume	  seem	  to	  be	  
important	  factors,	  as	  well	  as	  the	  various	  classes	  of	  trees	  per	  hectare	  and	  specific	  
types	  of	  CWD	  to	  a	  lesser	  extent.	  
	  
Question	  2:	  	  What	  are	  the	  effects	  of	  treatment	  on	  forest	  structure?	  
The	  observation	  of	  field	  sites	  before	  and	  after	  treatment	  activities	  that	  were	  
conducted	  suggest	  a	  clear	  difference	  between	  hand	  and	  mechanical	  treatment	  
methods,	  or	  perhaps	  more	  correctly,	  the	  difference	  between	  lower	  intensity	  
removal	  of	  small	  trees	  and	  higher	  intensity	  removal	  of	  small	  and	  medium	  trees.	  	  The	  
appearance	  of	  mechanically	  treated	  sites	  was	  most	  analogous	  to	  an	  open	  park	  with	  a	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forest	  floor	  composed	  primarily	  of	  masticated	  wood	  that	  looks	  like	  a	  coarser	  version	  
of	  the	  wood	  chips	  used	  in	  parks	  to	  inhibit	  weed	  growth	  (See	  Figures	  33	  &	  34).	  	  Hand	  
treated	  sites,	  on	  the	  other	  hand,	  appeared	  to	  be	  more	  open	  and	  were	  easier	  to	  
navigate	  after	  treatment,	  but	  other	  than	  stumps	  and	  the	  piles	  of	  slash	  that	  had	  not	  
yet	  been	  burned	  it	  would	  be	  difficult	  to	  distinguish	  from	  untreated	  forest	  without	  
previous	  observation	  of	  the	  site	  (See	  Figures	  35	  &	  36).	  
Upon	  visiting	  a	  mechanically	  treated	  site	  five	  years	  post-­‐treatment,	  I	  
observed	  much	  greater	  herbaceous	  cover,	  regrowth	  of	  shrubs	  from	  stumps,	  and	  
significant	  breakdown	  of	  masticated	  wood	  on	  the	  forest	  floor	  as	  compared	  to	  the	  
two	  years	  immediately	  following	  treatment.	  	  Though	  project	  funding	  did	  not	  allow	  
for	  further	  study	  of	  my	  sites	  beyond	  two	  years	  post-­‐treatment,	  revisiting	  these	  
locations	  for	  a	  longer	  period	  of	  time	  would	  likely	  yield	  interesting	  results	  in	  terms	  of	  
forest	  structure	  succession	  if	  not	  small	  mammal	  community	  change.	  
	   Most	  studies	  of	  forest	  structure	  change	  after	  mechanical	  treatment	  or	  
controlled	  burning	  are	  similarly	  limited	  to	  1-­‐2	  years	  post-­‐treatment	  (Vaillant	  et	  al.	  
2015).	  	  In	  these	  initial	  post-­‐treatment	  years,	  fuel	  loads	  are	  dramatically	  reduced	  and	  
fire	  behavior	  clearly	  modified	  to	  reduce	  fire	  intensity	  and	  the	  likelihood	  of	  crown	  
fires	  (Vaillant	  et	  al.	  2015).	  	  What	  longer-­‐term	  studies	  exist,	  however,	  suggest	  that	  
fuel	  loads	  may	  return	  to	  pre-­‐treatment	  levels	  within	  7-­‐8	  years	  post-­‐treatment,	  
depending	  on	  the	  treatment	  type	  (Vaillant	  et	  al.	  2015).	  	  	  
	   Nearly	  all	  forests	  in	  Northern	  California	  have	  exceeded	  their	  predicted	  prior	  
fire	  return	  interval,	  with	  the	  mid-­‐elevation	  mixed-­‐conifer	  forests	  common	  in	  the	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Lake	  Tahoe	  Basin	  being	  among	  the	  forest	  types	  that	  have	  missed	  the	  largest	  number	  
of	  fire	  cycles	  since	  the	  advent	  of	  fire	  suppression	  approximately	  a	  century	  ago	  
(Safford	  &	  Van	  de	  Water	  2014).	  	  Due	  to	  this	  large	  deviation	  from	  the	  normal	  fire	  
cycle,	  the	  large	  changes	  in	  forest	  structure	  seen	  after	  treatment	  may	  not	  represent	  a	  
return	  to	  estimated	  pre-­‐settlement	  conditions.	  	  A	  return	  to	  these	  conditions	  is	  not	  
necessarily	  a	  goal	  of	  treatment,	  but	  if	  the	  Fire	  Return	  Interval	  Deviation	  (FRID)	  is	  
not	  reduced,	  treated	  forests	  may	  require	  re-­‐treatment	  after	  10-­‐20	  years	  depending	  
on	  the	  forest	  type	  and	  location	  (Vaillant	  et	  al.	  2015).	  
	   Across	  public	  lands	  in	  the	  Sierra	  Nevada,	  mechanical	  treatment	  and	  
controlled	  burns	  are	  the	  two	  most	  frequently	  used	  types	  of	  forest	  fuels	  reduction	  
treatment	  (Vaillant	  et	  al.	  2015).	  	  Studies	  of	  forest	  structure	  change	  show	  that	  
controlled	  burns	  reduce	  understory	  fuels	  significantly,	  but	  do	  not	  modify	  the	  canopy	  
structure	  (measured	  as	  height	  to	  live	  crown	  and	  canopy	  closure	  in	  most	  studies)	  as	  
significantly	  as	  mechanical	  treatments,	  though	  they	  do	  reduce	  ladder	  fuels.	  	  
Mechanical	  treatments,	  on	  the	  other	  hand,	  leave	  significantly	  more	  surface	  fuels	  in	  
place	  as	  compared	  to	  controlled	  burns,	  and	  can	  in	  fact	  result	  in	  an	  increase	  in	  
surface	  fuels	  (Winford	  et	  al.	  2015),	  but	  are	  more	  effective	  at	  reducing	  canopy	  
closure	  and	  increasing	  the	  height	  at	  which	  the	  crowns	  begin	  (Winford	  et	  al.	  2015).	  	  
Hand	  treatments	  have	  been	  found	  to	  reduce	  ladder	  fuels	  and	  canopy	  continuity,	  as	  
well	  as	  surface	  fuels	  if	  woody	  materials	  are	  burned	  or	  removed	  (Vaillant	  et	  al.	  2015).	  	  
In	  any	  case,	  it	  has	  been	  shown	  that,	  while	  controlled	  burns	  can	  be	  sufficient	  to	  
reduce	  fuel	  loads	  in	  some	  forests,	  it	  is	  often	  necessary	  to	  modify	  forest	  structure	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with	  hand	  or	  mechanical	  treatment	  prior	  to	  burning	  so	  that	  the	  controlled	  burn	  
does	  not	  result	  in	  a	  destructive	  wildfire	  (Vaillant	  et	  al.	  2015).	  
	  
Relative	  Changes	  in	  Forest	  Structure	  
While	  hand	  and	  mechanical	  treatments	  result	  in	  many	  similar	  forest	  
structure	  outcomes,	  I	  did	  see	  some	  key	  differences.	  	  Shrub	  cover	  increased	  overall	  
on	  hand	  treatment	  sites,	  while	  it	  decreased	  on	  mechanically	  treated	  sites	  due	  to	  the	  
mastication	  of	  shrub	  cover	  on	  sites	  that	  were	  mechanically	  treated.	  	  	  
Canopy	  cover	  decreased	  less	  on	  hand	  treated	  sites	  than	  mechanically	  treated	  
sites.	  	  This	  is	  partly	  a	  function	  of	  the	  smaller	  maximum	  DBH	  of	  trees	  removed	  from	  
hand	  treated	  sites.	  	  	  The	  number	  of	  medium	  trees	  per	  hectare	  did	  not	  decrease	  as	  
dramatically	  on	  hand	  treated	  sites	  as	  was	  observed	  on	  mechanically	  treated	  sites.	  	  
This	  is	  clearly	  due	  to	  the	  hand	  treatment	  prescriptions	  calling	  for	  trees	  up	  to	  10	  or	  
14	  inches	  to	  be	  thinned,	  while	  mechanical	  treatment	  prescriptions	  call	  for	  trees	  up	  
to	  24	  or	  30	  inches	  to	  be	  thinned.	  	  This	  difference	  in	  prescription	  may	  also	  account	  
for	  the	  smaller	  reduction	  in	  snag	  density	  on	  hand	  treated	  sites.	  It	  may	  be	  useful	  in	  
the	  future	  to	  compare	  hand	  and	  mechanical	  treatments	  with	  more	  similar	  maximum	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Relative	  Changes	  in	  Within-­‐Site	  Variation	  in	  Forest	  Structure	  
The	  reduction	  of	  within-­‐site	  variation	  in	  forest	  structure	  after	  a	  restoration	  
treatment	  is	  expected,	  as	  treatment	  involves	  removing	  trees	  below	  a	  specified	  DBH	  
threshold	  along	  with	  removal,	  chipping,	  or	  burning	  of	  resulting	  downed	  wood.	  	  This	  
effects	  densely	  vegetated	  portions	  of	  a	  site	  more	  than	  open	  areas,	  and	  brings	  the	  
forest	  structure	  of	  an	  area	  into	  a	  more	  homogenous	  conformation.	  	  	  
Some	  of	  the	  differences	  in	  variation	  change	  between	  hand	  and	  mechanical	  
treatments	  are	  directly	  related	  to	  the	  differences	  in	  magnitude	  of	  change	  in	  forest	  
structure	  variables	  discussed	  earlier.	  	  For	  example,	  the	  relatively	  small	  change	  in	  
variation	  in	  the	  number	  of	  medium	  trees	  per	  hectare	  on	  hand	  treatment	  sites	  as	  
compared	  to	  the	  larger	  reduction	  in	  variation	  in	  the	  same	  forest	  structure	  variable	  
on	  mechanically	  treated	  sites,	  which	  mirrors	  the	  degree	  to	  which	  each	  treatment	  
targets	  that	  variable.	  	  In	  the	  case	  of	  sound	  CWD,	  the	  greater	  reduction	  in	  variation	  
seen	  on	  hand	  treated	  sites	  may	  be	  due	  to	  the	  method	  of	  downed	  wood	  removal,	  
which	  is	  via	  pile-­‐and-­‐burn	  on	  hand	  treatment	  sites.	  	  It	  is	  likely	  that	  some	  existing	  
sound	  CWD	  was	  included	  in	  these	  piles	  and	  burned.	  
	  
Changes	  in	  Forest	  Structure	  Site	  Clustering	  Post-­‐Treatment	  
As	  expected,	  treated	  sites	  formed	  their	  own	  distinct	  cluster	  based	  on	  forest	  
structure	  characteristics.	  	  This	  supports	  the	  idea	  that	  treatment	  significantly	  
changes	  forest	  structure	  and	  makes	  these	  areas	  distinct	  from	  otherwise	  similar	  
untreated	  areas	  as	  well	  as	  from	  pre-­‐treatment	  conditions	  on	  treated	  sites.	  	  In	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addition,	  as	  expected,	  the	  pre	  and	  post	  treatment	  forest	  structure	  conditions	  on	  
untreated	  sites	  were	  similar	  enough	  that	  they	  were	  clustered	  together.	  	  This	  
suggests	  that	  forest	  structure	  survey	  methods	  before	  and	  after	  treatment	  were	  
largely	  identical,	  and	  that	  there	  were	  few	  non-­‐anthropogenic	  changes	  to	  forest	  
structure	  in	  my	  study	  area	  over	  the	  six	  years	  of	  this	  study.	  	  
The	  clustering	  of	  treated	  sites	  together	  in	  an	  NMDS	  plot	  of	  site	  forest	  
structure	  suggests	  that	  the	  forest	  structure	  of	  treated	  sites	  is	  more	  similar	  to	  other	  
treated	  sites	  than	  to	  untreated	  sites.	  	  This	  also	  suggests	  that,	  at	  least	  in	  the	  areas	  
sampled,	  treatments	  will	  have	  a	  forest	  structure	  different	  from	  the	  surrounding	  
area,	  and	  from	  the	  west	  shore	  in	  general.	  	  Overall,	  the	  changes	  in	  forest	  structure	  I	  
observed	  as	  a	  result	  of	  treatment	  are	  not	  unexpected,	  and	  are	  similar	  to	  the	  findings	  
of	  a	  number	  of	  other	  studies	  (Schwilk	  et	  al.	  2009).	  
	  
Question	  3:	  	  How	  did	  small	  mammals	  generally	  respond	  to	  forest	  restoration	  
treatments?	  
The	  response	  of	  small	  mammals	  to	  treatment	  activities	  has	  not	  been	  
consistent	  across	  studies	  (Waters	  &	  Zabel	  1998,	  Sullivan	  et	  al.	  2014).	  	  In	  some	  
studies,	  small	  mammals	  responded	  positively	  to	  treatment	  activities	  regardless	  of	  
intensity	  of	  treatment	  (Suzuki	  &	  Hayes	  2003,	  Converse	  et	  al.	  2006),	  while	  in	  others	  
responses	  were	  mixed	  (Klenner	  &	  Sullivan	  2009)	  or	  neutral	  (Kelt	  et	  al.	  2013).	  	  
In	  general,	  species	  that	  are	  more	  narrowly	  specialized	  on	  dense	  or	  old	  
growth	  forests	  are	  more	  likely	  to	  have	  reduced	  relative	  abundance	  after	  treatment,	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while	  species	  associated	  with	  early	  successional	  habitats	  would	  be	  expected	  to	  
increase	  their	  relative	  abundance,	  and	  generalist	  species	  to	  be	  relatively	  stable	  
(Gitzen	  et	  al.	  2007).	  	  While	  there	  is	  evidence	  to	  support	  these	  broad	  predictions	  
(Klenner	  &	  Sullivan	  2009,	  Gitzen	  et	  al.	  2007),	  some	  species	  do	  not	  respond	  as	  
predicted	  (Gitzen	  et	  al.	  2007,	  Klenner	  &	  Sullivan	  2009)	  and	  many	  species	  do	  not	  
appear	  to	  experience	  significant	  changes	  in	  their	  abundance	  post-­‐treatment	  (Kelt	  et	  
al.	  2013).	  
	  
Changes	  in	  Species	  Richness	  and	  Simpson’s	  Index	  Post-­‐treatment	  
Relative	  to	  changes	  in	  species	  richness	  and	  the	  GINI/Simpson’s	  index	  on	  
control	  sites	  over	  the	  same	  period,	  on	  average	  both	  measures	  were	  higher	  on	  hand	  
treated	  sites	  and	  lower	  on	  mechanically	  treated	  sites	  post	  treatment.	  	  In	  one	  longer-­‐
term	  20-­‐year	  study	  in	  British	  Columbia,	  thinned	  forests	  had	  more	  diverse	  small	  
mammal	  communities	  than	  old-­‐growth	  forests,	  though	  the	  diversity	  varied	  as	  the	  
forest	  proceeded	  through	  various	  successional	  stages	  post-­‐treatment	  (Sullivan	  et	  al.	  
2013).	  	  
	  
Change	  in	  Small	  Mammal	  Community	  Site	  Clustering	  Post-­‐treatment	  
Treatment	  sites	  did	  not	  cluster	  together	  in	  any	  discernable	  pattern	  based	  on	  
small	  mammal	  community	  structure	  in	  hierarchical	  clustering,	  nor	  when	  visualized	  
in	  an	  NMDS	  plot.	  	  Although	  I	  expected	  there	  to	  be	  a	  greater	  shift	  in	  the	  relative	  
composition	  of	  small	  mammal	  communities	  on	  treated	  sites	  as	  compared	  to	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untreated	  sites,	  and	  for	  treated	  sites	  to	  be	  more	  clearly	  clustered	  together,	  it	  is	  
common	  for	  small	  mammal	  communities	  to	  show	  little	  relationship	  to	  measured	  
habitat	  characteristics	  (Kelt	  et	  al.	  2013).	  	  
I	  expected	  control	  sites	  to	  have	  smaller	  NMDS	  ordination	  hull	  areas	  than	  
treatment	  sites.	  	  A	  site	  with	  a	  smaller	  area	  would	  reflect	  a	  relatively	  stable	  small	  
mammal	  community	  across	  the	  duration	  of	  my	  study,	  while	  a	  larger	  area	  would	  
indicate	  a	  larger	  degree	  of	  change	  in	  the	  small	  mammal	  community	  on	  that	  site	  
during	  the	  same	  period.	  	  While	  treatment	  sites	  did	  generally	  have	  similar	  or	  larger	  
areas	  relative	  to	  their	  control	  sites,	  the	  differences	  were	  not	  as	  large	  as	  expected	  and	  
suggested	  that	  small	  mammal	  community	  variability	  was	  only	  slightly	  higher	  on	  
treated	  sites.	  
The	  positive	  responses	  to	  hand	  treatment	  may	  be	  due	  in	  part	  to	  the	  fact	  that	  
the	  method	  of	  debris	  disposal	  on	  hand	  treated	  sites	  was	  to	  pile	  and	  burn	  both	  large	  
coarse	  woody	  debris	  and	  additional	  cut	  material	  such	  as	  logs	  and	  brush.	  	  These	  large	  
piles	  were	  not	  burned	  until	  after	  the	  conclusion	  of	  my	  study,	  and	  may	  have	  provided	  
suitable	  habitat	  for	  several	  small	  mammal	  species.	  
	  
Short-­‐Term	  Response	  of	  Small	  Mammal	  Species	  to	  Forest	  Restoration	  
The	  reduction	  in	  G.	  sabrinus	  abundance	  on	  mechanically	  treated	  sites	  was	  
much	  greater	  than	  on	  hand	  treated	  sites.	  	  This	  reduction,	  especially	  on	  hand	  treated	  
sites,	  may	  be	  a	  short-­‐term	  effect	  of	  treatment.	  	  The	  thick	  layer	  of	  masticated	  material	  
may	  impede	  foraging	  by	  G.	  sabrinus	  for	  sub-­‐surface	  fungi	  and	  the	  food	  caches	  of	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other	  squirrels	  (Wells-­‐Gosling	  &	  Heaney,	  1984),	  or	  other	  food	  sources	  after	  
mechanical	  treatment	  for	  some	  time;	  the	  more	  complete	  removal	  of	  snags	  and	  other	  
potential	  nesting	  locations	  by	  mechanical	  treatment	  methods	  may	  reduce	  
availability	  of	  nest	  locations	  and	  restrict	  local	  density.	  	  As	  the	  masticated	  material	  
decays	  and	  forest	  structure	  complexity	  increases	  after	  treatment,	  the	  more	  open	  
forest	  could	  become	  similar	  to	  the	  mature	  forests	  preferred	  by	  this	  species	  (Wells-­‐
Gosling	  &	  Heaney,	  1984).	  	  	  
Surprisingly,	  P.	  maniculatus	  abundance	  decreased	  after	  treatment	  of	  both	  
types	  relative	  to	  control	  sites,	  though	  the	  effect	  was	  greater	  on	  mechanically	  treated	  
sites.	  P.	  maniculatus	  is	  a	  generalist	  and	  has	  been	  found	  to	  increase	  in	  abundance	  
after	  disturbance	  in	  many	  studies	  of	  forest	  disturbance	  of	  varying	  intensity	  (Zwolak	  
2009),	  so	  this	  result	  may	  merit	  further	  scrutiny.	  	  Amacher	  et	  al.	  (2008)	  also	  found	  
that	  P.	  maniculatus	  abundance	  decreased	  following	  mechanical	  treatments,	  though	  
abundance	  increased	  in	  response	  to	  other	  treatment	  types	  including	  prescribed	  
burning.	  	  It	  is	  worth	  noting	  that	  in	  studies	  elsewhere	  in	  the	  Lake	  Tahoe	  Basin,	  P.	  
maniculatus	  was	  not	  the	  most	  commonly	  captured	  small	  mammal	  species	  (Sollmann	  
et	  al.	  2015).	  	  Anecdotally,	  in	  the	  field	  it	  appeared	  to	  be	  much	  less	  abundant	  in	  the	  
Basin	  than	  any	  other	  area	  I	  have	  conducted	  small	  mammal	  surveys,	  which	  may	  
affect	  its	  ability	  to	  colonize	  newly	  disturbed	  areas.	  	  In	  addition,	  the	  majority	  of	  P.	  
maniculatus	  captures	  (54%)	  occurred	  during	  the	  2009	  field	  season,	  during	  which	  
the	  two	  most	  common	  chipmunk	  species	  (T.	  senex	  and	  T.	  quadrimaculatus)	  
experienced	  a	  decline	  in	  abundance,	  with	  only	  5%	  and	  6.7%	  of	  captures	  occurring	  in	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2009,	  respectively,	  suggesting	  that	  these	  common	  chipmunk	  species,	  along	  with	  
other	  chipmunk	  species	  that	  in	  most	  of	  their	  range	  aside	  from	  the	  Sierra	  Nevada	  in	  
the	  region	  of	  Lake	  Tahoe	  are	  not	  sympatric,	  may	  in	  combination	  prove	  to	  be	  
competitors	  with	  P.	  maniculatus	  and	  reduce	  its	  ability	  to	  quickly	  expand	  its	  
population	  in	  disturbed	  areas	  that	  these	  chipmunk	  species	  are	  also	  well	  suited	  to	  
exploit.	  	  This	  population	  fluctuation	  may	  simply	  be	  due	  to	  a	  year	  effect,	  which	  
positively	  impacted	  P.	  maniculatus	  while	  negatively	  impacting	  T.	  senex	  and	  T.	  
quadrimaculatus,	  but	  the	  correlation	  is	  nonetheless	  interesting.	  
Tamias	  speciosus	  responded	  similarly	  to	  both	  treatment	  types,	  with	  small	  
negative	  changes	  in	  abundance	  in	  response	  to	  both	  hand	  and	  mechanical	  
treatments.	  	  Though	  it	  is	  found	  in	  more	  open	  forests	  across	  most	  of	  its	  range	  (Best	  et	  
al.	  1994),	  it	  also	  thrives	  with	  abundant	  shrub	  cover	  and	  frequently	  forages	  in	  shrubs	  
(Best	  et	  al.	  1994).	  	  The	  reduction	  in	  shrub	  cover	  after	  treatment	  may	  be	  a	  factor	  in	  
these	  small	  declines	  in	  T.	  speciosus	  abundance	  despite	  the	  more	  open	  nature	  of	  the	  
treated	  forest.	  
The	  wide	  range	  of	  habitat	  types	  occupied	  by	  T.	  amoenus	  (Sutton	  1992),	  as	  
well	  as	  its	  broad	  diet	  breadth	  (Sutton	  1992),	  may	  explain	  its	  ability	  to	  increase	  in	  
abundance	  after	  treatment.	  	  T.	  amoenus	  is	  usually	  found	  in	  brushy	  areas	  (Sutton	  
1992)	  that	  are	  often	  removed	  or	  reduced	  in	  size	  during	  treatment,	  but	  as	  it	  has	  been	  
found	  nearly	  alone	  in	  open	  disturbed	  areas	  (Sharples	  1983),	  it	  may	  face	  less	  
competition	  after	  treatment.	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Otospermophilus	  beecheyi	  strongly	  prefers	  open	  areas	  without	  tall	  or	  dense	  
vegetation	  that	  might	  obstruct	  its	  view	  (Jameson	  &	  Peters	  2004),	  thus	  it	  was	  
expected	  to	  benefit	  from	  the	  more	  open	  forest	  structure	  conditions	  after	  treatment.	  	  
Abundance	  of	  O.	  beecheyi	  did	  increase	  after	  treatment	  regardless	  of	  treatment	  type,	  
though	  the	  positive	  response	  was	  slightly	  greater	  on	  hand	  treated	  sites.	  	  However,	  
the	  positive	  treatment	  effect	  was	  relatively	  weak,	  potentially	  due	  to	  the	  time	  
required	  for	  the	  species	  to	  immigrate	  into	  the	  newly	  treated	  areas.	  	  Otospermophilus	  
beecheyi	  was	  uncommon	  in	  many	  untreated	  forests	  surveyed,	  though	  it	  is	  present	  
throughout	  the	  Basin.	  	  A	  nearby	  source	  population	  may	  not	  be	  available	  in	  cases	  
where	  O.	  beecheyi	  was	  not	  present	  prior	  to	  treatment	  and	  the	  forest	  surrounding	  the	  
treatment	  is	  dense	  and	  lacks	  clearings	  suitable	  for	  O.	  beecheyi	  populations	  to	  persist.	  
The	  relatively	  strong	  positive	  response	  of	  T.	  quadrimaculatus	  to	  less	  intense	  
hand	  treatment	  of	  sites	  and	  small	  negative	  response	  to	  more	  intense	  mechanical	  
treatment	  of	  sites	  may	  be	  due	  in	  part	  to	  the	  preference	  of	  T.	  quadrimaculatus	  for	  
relatively	  dense	  forests	  and	  areas	  with	  downed	  logs,	  snags,	  and	  other	  ground	  cover	  
(Clawson	  et	  al.	  1994).	  	  Less	  intensely	  treated	  forest	  retains	  a	  greater	  density	  of	  
trees,	  and	  ground	  cover	  is	  present	  in	  greater	  amounts	  after	  hand	  treatment	  than	  
mechanical	  treatment.	  	  In	  addition,	  the	  piles	  of	  cut	  trees	  and	  slash	  that	  were	  
eventually	  burned	  remained	  on	  hand	  treatment	  sites	  throughout	  the	  duration	  of	  my	  
study,	  providing	  additional	  shelter	  for	  species	  such	  as	  T.	  quadrimaculatus	  that	  was	  
not	  accounted	  for	  in	  forest	  structure	  variables,	  as	  these	  piles	  were	  not	  measured	  
during	  vegetation	  sampling.	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Relatively	  weak	  negative	  and	  positive	  responses	  to	  hand	  and	  mechanically	  
treated	  sites,	  respectively,	  by	  T.	  douglasii	  suggest	  that	  the	  species	  may	  not	  respond	  
dramatically	  to	  either	  treatment	  type.	  	  One	  of	  its	  primary	  food	  sources	  is	  conifer	  
cones	  produced	  in	  abundance	  by	  mature	  trees	  (Steele	  1999),	  which	  are	  left	  intact	  by	  
both	  treatment	  methods.	  
The	  very	  weak	  responses	  of	  T.	  senex	  to	  treatment	  are	  unexpected,	  given	  that	  
past	  observations	  of	  the	  species	  near	  Sagehen	  Creek	  Field	  Station,	  less	  than	  20	  miles	  
Northwest	  of	  Lake	  Tahoe,	  suggest	  it	  prefers	  dense,	  closed	  canopy	  forests	  (Sharples	  
1983)	  that	  are	  typical	  of	  pre-­‐treatment	  forest	  structure	  conditions	  but	  not	  post-­‐
treatment.	  	  	  
	  
Question	  4:	  	  How	  did	  small	  mammals	  respond	  to	  specific	  changes	  in	  forest	  structure	  
as	  a	  result	  of	  treatment?	  
Though	  there	  are	  not	  many	  clear	  relationships	  between	  individual	  small	  
mammal	  species	  and	  changes	  in	  forest	  structure,	  there	  are	  a	  few	  positive	  significant	  
relationships:	  between	  O.	  beecheyi	  and	  increased	  shrub	  cover,	  T.	  amoenus	  and	  
increased	  volume	  of	  CWD	  and	  rotten	  CWD,	  and	  one	  negative	  significant	  relationship	  
between	  overall	  abundance	  of	  small	  mammals	  and	  average	  tree	  height.	  	  Of	  these,	  the	  
negative	  relationship	  between	  overall	  abundance	  and	  increasing	  average	  tree	  height	  
is	  especially	  interesting.	  	  Given	  that	  average	  height	  and	  DBH	  of	  trees	  increase	  after	  
treatment,	  the	  lack	  of	  a	  similarly	  strong	  negative	  relationship	  between	  overall	  
abundance	  of	  small	  mammals	  and	  DBH	  is	  puzzling.	  	  It	  is	  possible	  that	  this	  is	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indicative	  of	  the	  species	  of	  tree	  removed	  at	  different	  sites,	  since	  the	  precise	  
relationship	  between	  DBH	  and	  height	  is	  different	  for	  each	  tree	  species.	  
Though	  there	  are	  many	  interesting	  trends	  in	  the	  data	  that	  suggest	  responses	  
of	  some	  small	  mammal	  species	  to	  changes	  in	  specific	  forest	  structure	  characteristics,	  
my	  small	  sample	  size	  reduces	  the	  number	  of	  relationships	  that	  are	  considered	  
significant.	  	  These	  findings	  are	  similar	  to	  other	  recent	  studies	  in	  the	  Sierra	  Nevada	  
(Kelt	  et	  al.	  2013,	  Stephens	  et	  al.	  2014),	  which	  found	  few	  or	  no	  significant	  
relationships	  between	  forest	  structure	  characteristics	  and	  individual	  small	  mammal	  
species.	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CONCLUSION	  
As	  wildfires	  continue	  to	  burn	  ever-­‐greater	  expanses	  of	  forest	  each	  summer,	  
the	  pressure	  to	  treat	  forests	  to	  reduce	  wildfire	  risk	  and	  intensity	  has	  increased	  
apace.	  	  The	  treatment	  plans	  approved	  by	  the	  USFS	  for	  the	  Lake	  Tahoe	  Basin,	  upon	  
which	  this	  project	  was	  based,	  continue	  to	  be	  implemented	  as	  outlined,	  and	  other	  
national	  forests	  throughout	  the	  United	  States	  are	  in	  the	  process	  of	  executing	  similar	  
treatment	  plans	  as	  part	  of	  the	  National	  Fire	  Plan	  (Schoennagel	  et	  al.	  2009).	  	  The	  
efficacy	  of	  these	  treatments	  in	  reducing	  wildfire	  intensity	  varies	  from	  fire	  to	  fire,	  
and	  different	  types	  and	  intensities	  of	  treatment	  influence	  fire	  behavior	  in	  distinctive	  
ways	  (Stephens	  et	  al.	  2009).	  	  As	  the	  aggregate	  expanse	  of	  forests	  modified	  to	  reduce	  
available	  fuels	  has	  increased	  with	  continued	  treatment	  activity,	  fires	  burn	  through	  
treated	  areas	  with	  growing	  frequency	  and	  forest	  managers	  and	  scientists	  continue	  
to	  study	  their	  impact	  on	  fire	  behavior	  (Prichard	  et	  al.	  2010).	  
It	  is	  clear	  that	  the	  structure	  of	  forests	  is	  significantly	  changed	  as	  a	  result	  of	  
treatment,	  and	  that	  treated	  forests	  are	  quite	  distinct	  from	  untreated	  forests	  
(Reinhardt	  et	  al	  2008).	  	  Because	  of	  these	  obvious	  changes	  made	  to	  forest	  structure	  
during	  treatment,	  it	  is	  unsurprising	  that	  many	  investigations	  into	  the	  effects	  of	  these	  
changes	  on	  wildlife	  have	  been	  undertaken.	  	  Though	  my	  study	  began	  at	  a	  time	  when	  
data	  on	  the	  effects	  of	  these	  types	  of	  treatment	  was	  scarce,	  the	  number	  of	  published	  
works	  on	  the	  topic	  has	  been	  steadily	  increasing	  (Converse	  et	  al.	  2006;	  Fontaine	  &	  
Kennedy	  2012;	  Stephens	  et	  al.	  2012).	  	  Generally,	  other	  studies	  have	  also	  found	  a	  
neutral	  or	  mild	  response	  by	  most	  small	  mammal	  species	  to	  low	  and	  moderate	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intensity	  treatment	  that	  does	  not	  include	  fire	  (Fontaine	  &	  Kennedy	  2012),	  or	  even	  to	  
a	  combination	  of	  mechanical	  treatment	  combined	  with	  low-­‐intensity	  prescribed	  fire	  
(Amacher	  et	  al.	  2008).	  	  	  
There	  are	  several	  potential	  explanations	  for	  the	  lack	  of	  clear	  changes	  within	  
the	  small	  mammal	  community	  in	  response	  to	  changes	  in	  forest	  structure.	  	  Kelt	  et	  al.	  
(2013)	  suggest	  that	  the	  small	  mammal	  species	  assemblage	  has	  been	  significantly	  
altered	  by	  anthropogenic	  pressures,	  including	  fire	  suppression,	  over	  the	  past	  
hundred	  years.	  	  These	  anthropogenic	  pressures	  may	  favor	  generalist	  species	  that	  
can	  thrive	  in	  varied	  conditions	  and	  thus,	  may	  not	  respond	  significantly	  to	  further	  
disturbances	  (Kelt	  et	  al.	  2013).	  	  It	  is	  also	  possible	  that	  the	  small	  mammal	  community	  
in	  the	  Sierra	  Nevada	  may	  be	  naturally	  resilient	  to	  disturbance,	  or	  that	  the	  changes	  
effected	  by	  current	  treatment	  methods	  are	  not	  severe	  enough	  to	  initiate	  a	  wholesale	  
change	  in	  the	  community.	  
The	  commonly	  neutral	  effect	  of	  treatment	  on	  small	  mammals	  may	  also	  be	  
caused	  by	  an	  inadvertent	  increase	  in	  landscape-­‐level	  heterogeneity	  of	  forest	  
structure,	  despite	  creating	  very	  homogenous	  forest	  at	  treatment	  sites.	  	  In	  addition	  
the	  treatments,	  while	  large,	  often	  have	  a	  long	  irregular	  edge	  and	  retain	  buffered	  
protected	  activity	  centers	  and	  riparian	  zones	  within	  the	  treatment,	  leading	  to	  
within-­‐treatment	  heterogeneity.	  	  Although	  I	  did	  remove	  these	  within-­‐treatment	  
exclusions	  from	  my	  analysis,	  their	  presence	  is	  likely	  to	  influence	  small	  mammal	  
captures	  in	  nearby	  treated	  areas.	  	  Smaller	  study	  sites	  might	  be	  better	  suited	  to	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detecting	  community	  change	  post-­‐treatment,	  even	  if	  some	  species	  with	  large	  home	  
ranges	  such	  as	  G.	  sabrinus	  would	  be	  more	  frequently	  missed.	  
Although	  the	  frequently	  neutral	  short	  term	  effects	  of	  low	  to	  moderate	  forest	  
structure	  change	  on	  small	  mammals	  is	  increasingly	  well	  documented,	  there	  still	  
remains	  a	  lack	  of	  sufficient	  information	  about	  potential	  long-­‐term	  changes	  (Fontaine	  
&	  Kennedy	  2012).	  	  Some	  studies	  that	  have	  published	  short-­‐term	  results	  may	  be	  
ongoing,	  but	  many	  others	  were	  funded	  only	  for	  the	  first	  few	  years	  post-­‐treatment	  
and	  are	  unlikely	  to	  be	  revisited.	  	  There	  is	  clearly	  a	  need	  for	  long-­‐term	  study	  of	  these	  
systems,	  especially	  here	  in	  the	  Western	  United	  States	  where	  the	  majority	  of	  forests	  
are	  managed	  by	  federal	  agencies.	  	  With	  such	  a	  large,	  centrally	  managed	  system,	  
changes	  to	  management	  practices	  recommended	  by	  these	  studies	  are	  likely	  to	  have	  
a	  positive	  impact	  on	  local	  forest	  ecosystems.	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TABLES	  &	  FIGURES	  
	  
TABLES	  
Table	  1:	  List	  of	  commonly	  encountered	  species,	  their	  habitat	  associations	  according	  
to	  the	  literature,	  and	  the	  hypothesized	  response	  of	  each	  species	  to	  treatment.	  
	  
Species	  	  








North	  American	  Deermouse	  
PEMA	  
Generalist,	  frequents	  almost	  every	  
habitat	  type	  in	  North	  America	  (3	  
sources)	  




Open	  mature	  coniferous	  forest	  (4),	  
openings	  &	  brushy	  areas	  within	  forest	  
(4),	  Secondary	  growth/logged	  areas	  
(4),	  Denser	  forests	  than	  congeners	  (1)	  
Increase	  /	  
Mixed	  





Dense,	  closed	  canopy	  coniferous	  
forests	  (5),	  Dense	  streamside	  thickets	  
of	  brush	  that	  are	  heavily	  shaded	  	  (4)	  
Decrease	  /	  
Mixed	  





Open	  coniferous	  forests,	  especially	  
yellow	  pine	  (5),	  brush	  covered	  areas	  
(3),	  sagebrush	  flats	  (1),	  rocky	  areas	  
(2),	  broader	  habitat	  range	  than	  other	  
chipmunk	  species	  with	  which	  its	  
range	  overlaps	  (3)	  
Increase	  /	  
Mixed	  






Coniferous	  forests	  (6),	  mixed	  forests	  
(4),	  sagebrush	  (3),	  rocky	  areas	  (4),	  
recently	  burned	  pine	  forests	  with	  
trunks	  and	  fallen	  trees	  (1),	  logged	  
areas	  (2)	  
Mixed	   1,	  2,	  3,	  5,	  
6	  
Otospermophilus	  beecheyi	  
California	  Ground	  Squirrel	  
OTBE	  
Fields	  (3),	  roadsides	  (1),	  pastures	  (4),	  
open	  woodland	  (3),	  rocky	  outcrops	  
(2),	  open	  areas	  generally	  (3)	  




Coniferous	  forests	  (5),	  mixed	  forests	  
(1),	  old	  growth	  (1),	  logged	  areas	  (1)	  
Decrease	   1,	  2,	  3,	  6,	  
8	  
Glaucomys	  sabrinus	  
Northern	  Flying	  Squirrel	  
GLSA	  
Coniferous	  forests	  (4),	  mature	  fir	  
forests	  (1),	  mature	  forests	  with	  tall	  
trees	  and	  open	  understory	  (1),	  mixed	  
forests	  (3),	  occasionally	  broadleaf	  
deciduous	  forest	  (2)	  
Increase	  /	  
Mixed	  
1,	  2,	  3,	  4	  
	   (N)	  =	  number	  of	  sources	  in	  agreement	  with	  habitat	  statement	  
Sources:	  	  1.	  Jameson,	  E.W.	  &	  Hans	  J.	  Peters.	  	  Mammals	  of	  California.	  	  University	  of	  California	  Press,	  Los	  Angeles,	  California,	  
2004.	  	  	  2.	  	  Whitaker,	  John	  O.	  	  National	  Audubon	  Society	  Field	  Guide	  to	  North	  American	  Mammals.	  	  Chanticleer	  Press,	  NY,	  NY,	  
1997.	  	  	  3.	  	  Eder,	  Tamara.	  	  Mammals	  of	  California.	  	  Lone	  Pine	  Publishing,	  Auburn,	  WA,	  2005.	  	  	  4.	  	  Wells-­‐Gosling,	  Nancy	  &	  
Lawrence	  R.	  Heaney.	  	  Glaucomys	  sabrinus.	  	  Mammalian	  Species,	  No.	  229,	  pp.	  1-­‐8,	  14	  November	  1984.	  	  The	  American	  Society	  
of	  Mammalogists.	  	  	  5.	  	  Bartels,	  Molly	  A.	  and	  Doug	  P.	  Thompson.	  	  Spermophilus	  lateralis.	  	  Mammalian	  Species,	  No.	  440,	  pp.	  1-­‐
8,	  23	  April	  1993.	  	  The	  American	  Society	  of	  Mammalogists.	  	  6.	  	  Reid,	  Fiona	  A.	  	  Mammals	  of	  North	  America.	  Peterson	  Field	  
Guides,	  Houghton	  Mifflin	  Company,	  NY,	  NY,	  2006.	  	  7.	  	  Sutton,	  Dallas	  A.	  	  Tamias	  amoenus.	  	  Mammalian	  Species,	  No.	  390,	  pp.	  
1-­‐8,	  5	  June	  1992.	  	  The	  American	  Society	  of	  Mammalogists.	  	  8.	  	  Steele,	  Michael	  A.,	  1999.	  	  Tamiasciurus	  douglasii.	  	  Mammalian	  
Species	  No.	  630,	  pp.	  1-­‐8.	  	  The	  American	  Society	  of	  Mammalogists.	  	  9.	  	  Clawson,	  Robin	  G.,	  Joseph	  A.	  Clawson	  and	  Troy	  L.	  
Best,	  1994.	  	  Tamias	  quadrimaculatus.	  	  Mammalian	  Species	  No.	  469,	  pp.	  1-­‐6.	  	  The	  American	  Society	  of	  Mammalogists.	  	  10.	  	  
Gannon,	  William	  L.	  and	  Richard	  B.	  Forbes,	  1995.	  	  Tamias	  senex.	  	  Mammalian	  Species	  No.	  502,	  pp.	  1-­‐6.	  	  The	  American	  
Society	  of	  Mammalogists.	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Table	  2:	  Detailed	  Site	  Sampling	  by	  Year.	  	  An	  X	  denotes	  a	  survey	  on	  an	  untreated	  site,	  
a	  T	  denotes	  a	  survey	  on	  a	  treated	  site,	  and	  the	  number	  accompanying	  the	  T	  denotes	  
the	  years	  elapsed	  post-­‐treatment.	  	  Sites	  in	  purple	  are	  treatment	  sites,	  those	  in	  green	  
are	  control	  sites.	  
	  
Site	   2006	   2007	   2008	   2009	   2010	   2011	  
X	   T1	   T2	   	   	   	  
X	   X	   	   T1	   T2	   	  
X	   X	   T1	   T2	   T3	   	  
X	   T1	   T2	   	   	   	  
X	   	   X	   T1	   T2	   	  
X	   	   X	   	   T1	   T2	  
X	   	   X	   X	   X	   	  
X	   X	   X	   X	   X	   	  
X	   X	   X	   	   	   	  
X	   	   X	   	   X	   X	  
X	   X	   	   X	   X	   	  




Table	  3:	  Site	  Characteristics.	  	  Sites	  are	  arranged	  as	  pairs,	  with	  the	  untreated	  control	  
site	  shaded	  in	  gray	  and	  the	  treated	  site	  unshaded.	  
	  




Aspect	   Latitude	   Longitude	  
DEDO	   	   21	   1955.2	   E	   39.131532
1	  
-­‐120.1688496	  
BLKW	   BLK	  1-­‐4	  	   17	   1932.2	   S	   39.110854
4	  
-­‐120.1731932	  
TMBW	   	   10	   1951.2	   E	   39.054770
1	  
-­‐120.1366441	  
CHNQ	   MCK	  13-­‐1	  	   11	   1992.5	   NW	   39.054059	   -­‐120.140324	  
HMWD	   	   24	   2035.6	   E	   39.068362
9	  
-­‐120.1611609	  
MULL	   MCK	  13-­‐3	  	   26	   2060.5	   SE	   39.058650
4	  
-­‐120.1622319	  
ARND	   	   11	   2070.8	   S	   39.173098	   -­‐120.1551802	  
DANY	   TWC3	  	   6	   2090	   S	   39.171255	   -­‐120.1582752	  
CALC	   	   11	   2159.3	   flat	   39.155962	   -­‐120.1876566	  
BOTA	   WRD	  20-­‐16	   11	   2147.6	   flat	   39.155808
4	  
-­‐120.1928466	  
SKET	   	   5	   2119.1	   flat	   39.149324
4	  
-­‐120.1873656	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Table	  4:	  Treatment	  Prescriptions	  by	  Site.	  
	  
Site	   	   Treatment	  Prescription	  
BLKW	   	   Mechanical	  thin	  to	  24",	  masticate	  and	  surface	  spread	  slash,	  PAC	  
BOAA	   	   Mechanical	  thin	  to	  24",	  masticate	  and	  surface	  spread	  slash	  
BOTA	   	   Hand	  thin	  to	  10",	  pile/burn,	  PAC	  
CHNQ	   	   Hand	  thin	  to	  14",	  pile/burn	  
DANY	   	   Mechanical	  thin	  to	  24",	  masticate	  and	  surface	  spread	  slash,	  PAC	  




Table	  5:	  Summary	  of	  Genetic	  Analysis	  of	  Species	  Identification.	  	  Note	  that	  the	  ID	  
Rate	  for	  T.	  amoenus	  would	  be	  91.17%	  if	  all	  T.	  minimus	  were	  considered	  to	  be	  T.	  
amoenus.	  	  
	  




of	  Field	  ID2	   ID	  Rate
3	  	  
T.	  amoenus	   TAAM	   21	   95.24	   55.88	  
T.	  minimus	   TAMI	   11	   0.00	   0.00	  
T.	  quadrimaculatus	   TAQU	   29	   93.10	   86.21	  
T.	  senex	   TASE	   15	   73.33	   63.64	  
T.	  speciosus	   TASP	   14	   78.57	   50.00	  
1	  Based	  on	  Field	  Identification	  
2	  Number	  of	  Field	  Samples	  of	  Species	  Identified	  as	  Same	  Species	  by	  Genetic	  Analysis	  /	  Number	  Field	  
Samples	  of	  Species	  Submitted	  (expressed	  as	  a	  fraction	  of	  100%)	  
3	  (Number	  of	  Individuals	  of	  Species	  in	  Sample	  Correctly	  Identified	  as	  Species	  in	  Field	  -­‐	  Number	  of	  
Individuals	  of	  Species	  in	  Sample	  Incorrectly	  Identified	  as	  Species	  in	  Field)	  /	  Total	  Number	  of	  Individuals	  of	  
Species	  in	  Sample	  Determined	  by	  Genetic	  Analysis	  (expressed	  as	  a	  fraction	  of	  100%)	  
3	  simplified	  Number	  of	  Correct	  IDs	  –	  Number	  of	  Incorrect	  IDs	  /	  Total	  Number	  of	  Individuals	  of	  Species	  in	  
Sample	  (as	  a	  %)	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Table	  6:	  Summary	  of	  Captures	  for	  Each	  Species	  Before	  and	  After	  Treatment.	  	  





Table	  7:	  	  Key	  to	  4-­‐letter	  species	  codes.	  
	  
Species	   Code	  
Glaucomys	  sabrinus	   GLSA	  
Microtus	  longicaudus	   MILO	  
Microtus	  montanus	   MIMO	  
Neotoma	  cinerea	   NECI	  
Peromyscus	  maniculatus	   PEMA	  
Sciurus	  griseus	   SCGR	  
Sorex	  palustris	  	   SOPA	  
Sorex	  trowbridgii	   SOTR	  
Sorex	  vagrans	  	   SOVA	  
Otospermophilus	  beecheyi	   OTBE	  
Callospermophilus	  lateralis	   CALA	  
Tamias	  amoenus	   TAAM	  
Tamiasciurus	  douglasii	   TADO	  
Tamias	  quadrimaculatus	   TAQU	  
Tamias	  senex	   TASE	  
Tamias	  speciosus	   TASP	  
	  
	  
	   	  
x̄ SE x̄ SE x̄ SE x̄ SE x̄ SE x̄ SE x̄ SE x̄ SE x̄ SE
GLSA 88 4.33 0.39 0.13 1.13 0.30 1.37 0.74 0.63 0.24 0.51 0.41 0.31 0.31 0.32 0.32 0.52 0.19 0.44 0.27
MILO 15 0.74 0.02 0.02 0.11 0.07 0.06 0.04 0.16 0.11 0.15 0.15 0.15 0.15 0.16 0.08 0.10 0.10
MIMO 2 0.10 0.06 0.06
NECI 1 0.05 0.03 0.03
PEMA 535 26.32 0.84 0.18 4.88 1.84 1.16 0.48 2.98 1.51 1.14 0.57 5.09 4.60 2.86 2.86 3.68 1.59 1.71 0.90
SCGR 3 0.15 0.01 0.01 0.03 0.03 0.03 0.03
SOPA 1 0.05 0.04 0.04
SOTR 23 1.13 0.05 0.02 0.05 0.05 0.11 0.07 0.17 0.06 0.31 0.22 0.11 0.05 0.21 0.15
SOVA 9 0.44 0.02 0.02 0.23 0.18 0.08 0.08 0.05 0.05
OTBE 62 3.05 0.65 0.35 0.48 0.45 0.55 0.55 0.94 0.59 2.17 2.17 0.16 0.16 0.68 0.41 1.45 1.45
CALA 18 0.89 0.11 0.08 0.17 0.17 0.82 0.76 0.17 0.17 0.53 0.53 0.29 0.19
TAAM 247 12.15 1.10 0.62 1.61 1.32 2.32 1.90 3.43 2.99 6.64 6.11 7.54 7.54 7.94 7.94 4.80 2.85 7.07 4.38
TADO 131 6.44 0.94 0.44 0.70 0.29 1.63 1.16 0.17 0.17 0.48 0.38 0.16 0.00 0.41 0.41 0.17 0.11 0.45 0.26
TAQU 404 19.87 2.59 0.53 6.50 3.42 6.56 3.45 3.70 0.51 7.82 7.30 5.19 2.57 6.74 0.68 4.20 0.80 7.46 4.62
TASE 452 22.23 5.08 0.96 7.31 3.25 5.91 1.78 7.34 4.56 5.33 1.67 18.98 8.67 12.28 2.13 11.22 4.40 7.65 1.89







Captures T2 T1 T2 T1 T2 T1
Capture8Rate8(Individuals/100TN)
Untreated Mechanical8Treatment Hand8Treatment All8Treatments
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Table	  8:	  Pairwise	  species	  &	  community	  variables	  vs.	  forest	  structure	  variables	  with	  
Spearman	  or	  Pearson	  correlation	  effect	  size	  R	  >	  0.4.	  
	  
	   	  
Spearman	   Pearson	  
Species	   Forest	  Structure	  Variable	   R	   P	   R	   P	  
O.	  beecheyi	   Shrub	  Cover	  %	   0.6157	   0.033	   0.5832	   0.0465	  
T.	  douglasii	   Medium	  Trees	  per	  Hectare	   -­‐0.8507	   0.0005	   -­‐0.3594	   0.2512	  
T.	  quadrimaculatus	   Trees	  per	  Hectare	   -­‐0.4336	   0.1591	   -­‐0.6187	   0.032	  
T.	  quadrimaculatus	   CWD	  m3	  per	  Hectare	   0.7413	   0.0058	   0.6078	   0.036	  
T.	  quadrimaculatus	   Medium	  Trees	  per	  Hectare	   -­‐0.5175	   0.0849	   -­‐0.5773	   0.0493	  
T.	  quadrimaculatus	   Rotten	  CWD	  m3	  per	  Hectare	   0.6014	   0.0386	   0.6635	   0.0186	  





Table	  9:	  Number	  of	  Clusters	  &	  Explained	  Variation	  for	  both	  the	  small	  mammal	  
community	  and	  forest	  structure.	  
	  
k	   Explained	  Variance	  
(#	  clusters)	   Small	  Mammals	  
Forest	  
Structure	  
1	   0	   0	  
2	   0.2872207	   0.3405281	  
3	   0.4983453	   0.5866624	  
4	   0.6764686	   0.7484063	  
5	   0.7719591	   0.8178272	  
6	   0.8584283	   0.8590219	  
7	   0.9002113	   0.8937656	  
8	   0.9309801	   0.925266	  
9	   0.9592646	   0.9584804	  
10	   0.9794957	   0.9757575	  
11	   0.9990014	   0.9906184	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Table	  10:	  	  Importance	  of	  Forest	  Structure	  vectors	  to	  Small	  Mammal	  Community	  
NMDS	  ordination.	  
	  
Forest	  Structure	  Variable	   NMDS1	   NMDS2	   r2	   Pr(>r)	  
Herb	  Cover	   0.97298	   -­‐0.23091	   0.6992	   0.016	  
Shrub	  Cover	   -­‐0.7572	   0.65318	   0.1792	   0.42	  
Canopy	  Cover	   0.86073	   -­‐0.50906	   0.0541	   0.788	  
DBH	   0.3835	   0.92354	   0.0074	   0.958	  
Tree	  Height	   -­‐0.64439	   0.7647	   0.0042	   0.98	  
Tree	  Density	   0.62467	   0.78089	   0.1041	   0.624	  
Large	  Tree	  Density	   0.206	   0.97855	   0.0757	   0.675	  
Medium	  Tree	  Density	   0.99998	   -­‐0.00695	   0.0304	   0.859	  
Small	  Tree	  Density	   0.16067	   0.98701	   0.0491	   0.803	  
Snag	  Density	   -­‐0.72988	   -­‐0.68357	   0.0671	   0.641	  
CWD	  volume	   -­‐0.79575	   -­‐0.60563	   0.2344	   0.289	  
Sound	  CWD	  volume	   -­‐0.74712	   -­‐0.66469	   0.2401	   0.307	  





Table	  11:	  Importance	  of	  components	  of	  Redundancy	  Analysis	  
	  
Importance	  of	  components:	  
	   RDA1	   RDA2	   RDA3	  
Eigenvalue	   30.0204	   7.5954	   2.54176	  
Proportion	  
Explained	  	  
0.7138	   0.1806	   0.06044	  
Cumulative	  
Proportion	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Table	  12:	  Biplot	  scores	  for	  constraining	  variables	  in	  RDA	  
	  
Biplot	  scores	  for	  constraining	  variables:	  
	   RDA1	   RDA2	   RDA3	  
Shrub	  Cover	   0.03332	   -­‐0.453256	   -­‐0.53033	  
Canopy	  	   -­‐0.02944	   0.436482	   0.37559	  
DBH	   0.25215	   0.318272	   0.17152	  
Height	   0.0933	   0.286215	   -­‐0.04952	  
All	  Trees	   0.22439	   0.344682	   0.48623	  
Large	  Trees	   0.21632	   0.004527	   0.24198	  
Medium	  Trees	   0.19634	   0.479517	   0.29018	  
Snags	   -­‐0.12094	   0.300468	   -­‐0.07366	  
CWD	   -­‐0.18552	   -­‐0.304786	   -­‐0.59525	  
SoundCWD	   -­‐0.24469	   -­‐0.056802	   -­‐0.50648	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Table	  13:	  Number	  of	  Clusters	  &	  Explained	  Variation	  in	  Forest	  Structure	  between	  
sites.	  	  The	  number	  of	  clusters	  was	  set	  to	  k	  where	  increasing	  the	  number	  of	  clusters	  






1	   0	  
2	   0.3866674	  
3	   0.5551467	  
4	   0.6578115	  
5	   0.7141842	  
6	   0.7567485	  
7	   0.7947563	  
8	   0.8333608	  
9	   0.8651373	  
10	   0.8874824	  
11	   0.9070874	  
12	   0.9233901	  
13	   0.9354508	  
14	   0.9461999	  
15	   0.954802	  
16	   0.9629183	  
17	   0.9694135	  
18	   0.9748956	  
19	   0.9803225	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Table	  14:	  Importance	  of	  components	  of	  Redundancy	  Analysis	  and	  scores	  for	  forest	  
structure	  variables.	  
	  
Importance	  of	  components	  
	   PC1	   PC2	   PC3	   PC4	  
Eigenvalue	   5.3238	   2.2566	   1.9918	   1.4379	  
Proportion	  Explained	   0.4436	   0.188	   0.166	   0.1198	  
Cumulative	  Proportion	   0.4436	   0.6317	   0.7977	   0.9175	  
	  
Scores	  for	  forest	  structure	  variables	  
	   PC1	   PC2	   PC3	   PC4	  
Shrub	  Cover	   -­‐0.29941	   -­‐0.66955	   0.629937	   -­‐0.43434	  
Canopy	  Cover	   -­‐0.94321	   0.26199	   -­‐0.368749	   -­‐0.37459	  
DBH	   0.98559	   0.5789	   0.172707	   -­‐0.11383	  
Tree	  Height	   0.59163	   0.90241	   0.163242	   -­‐0.32497	  
Tree	  Density	   -­‐1.04775	   0.06273	   -­‐0.503439	   -­‐0.11036	  
Large	  Tree	  Density	   0.02631	   0.27783	   -­‐0.065208	   -­‐1.10237	  
Medium	  Tree	  Density	   -­‐0.78209	   0.65077	   -­‐0.4658	   0.0923	  
Small	  Tree	  Density	   -­‐0.95236	   -­‐0.50369	   -­‐0.368501	   -­‐0.08126	  
Snag	  Density	   -­‐0.81075	   0.64313	   -­‐0.004398	   0.24481	  
CWD	  volume	   -­‐0.84275	   0.19456	   0.782267	   0.01542	  
Sound	  CWD	  volume	   -­‐0.64079	   0.49626	   0.641861	   0.41898	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Table	  15:	  Percent	  change	  in	  abundance	  per	  unit	  of	  trap	  effort,	  relative	  to	  control	  
sites,	  following	  forest	  restoration	  treatments	  among	  small	  mammal	  species	  detected	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Table	  16:	  Number	  of	  Clusters	  &	  Explained	  Variation	  in	  the	  Small	  Mammal	  
Community	  between	  sites.	  	  The	  number	  of	  clusters	  was	  set	  to	  k	  where	  increasing	  
the	  number	  of	  clusters	  by	  one	  did	  not	  increase	  the	  explained	  variation	  by	  10%	  or	  








1	   0	  
2	   0.2219238	  
3	   0.420704	  
4	   0.5754717	  
5	   0.636838	  
6	   0.6899267	  
7	   0.7259223	  
8	   0.768767	  
9	   0.8140423	  
10	   0.8397074	  
11	   0.8666353	  
12	   0.8862124	  
13	   0.9055545	  
14	   0.9228843	  
15	   0.9385636	  
16	   0.9501395	  
17	   0.9600152	  
18	   0.9679756	  
19	   0.975399	  




Table	  17:	  Pairwise	  change	  in	  species	  variables	  vs.	  change	  in	  forest	  structure	  
variables	  with	  Spearman	  or	  Pearson	  correlation	  effect	  size	  R	  >	  0.4	  and	  P	  <	  0.05.	  
	  
	   	  
Spearman	   Pearson	  
Species	   Forest	  Structure	  Variable	   R	   P	   R	   P	  
O.	  beecheyi	   Shrub	   0.2571	   0.6228	   0.8326	   0.0397	  
T.	  amoenus	   CWD	   0.8857	   0.0188	   0.7077	   0.1157	  
T.	  amoenus	   RottenCWD	   0.9429	   0.0048	   0.6728	   0.1431	  
Overall	  Abundance	   Height	   -­‐0.7143	   0.1108	   -­‐0.8418	   0.0356	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Table	  18:	  Species	  encountered	  at	  >50%	  of	  field	  sites.	  	  The	  percent	  of	  trapping	  




Species	   %	  Sites	   %	  Sessions	  
G.	  sabrinus	   92	   60	  
O.	  beecheyi	   67	   35	  
T.	  douglasii	   92	   65	  
T.	  amoenus	   58	   39	  
T.	  quadrimaculatus	   100	   90	  
T.	  senex	   100	   92	  








Figure	  1:	  5	  ha	  study	  plot	  with	  72	  sampling	  points.	  	  Each	  point	  was	  used	  as	  a	  small	  
mammal	  trapping	  station,	  and	  forest	  structure	  survey	  plots	  were	  centered	  on	  eight	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Figure	  2:	  17.6m	  radius	  forest	  structure	  survey	  plot	  layout.	  	  White	  x’s	  are	  the	  canopy	  
cover	  grid	  points,	  the	  red	  squares	  are	  the	  herb	  cover	  estimation	  quadrats,	  the	  color	  
of	  the	  transect	  line	  represents	  the	  minimum	  diameter	  fuels	  counted	  along	  that	  
segment,	  the	  dashed	  line	  and	  red	  shaded	  area	  represent	  sub-­‐plots	  where	  small	  trees	  
and	  seedlings	  were	  sampled,	  respectively.	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Figure	  3:	  Examples	  of	  Tomahawk	  (left)	  and	  Sherman	  (right)	  traps	  set	  according	  to	  
my	  trapping	  protocol.	  	  Both	  types	  of	  traps	  were	  used	  at	  each	  plot	  point	  to	  increase	  
the	  breadth	  of	  species	  targeted,	  i.e.	  tree	  squirrels	  and	  some	  chipmunks	  are	  more	  
likely	  to	  be	  captured	  in	  Tomahawk	  traps,	  while	  ground	  squirrels	  and	  some	  mice	  are	  
more	  likely	  to	  be	  captured	  in	  Sherman	  traps.	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Figure	  4:	  Locations	  of	  field	  sites	  on	  the	  west	  shore	  of	  Lake	  Tahoe,	  with	  green	  
denoting	  control	  sites	  and	  purple	  treatment	  sites.	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Figure	  5:	  Examples	  of	  significant	  linear	  relationships	  between	  small	  mammal	  
species	  abundance	  and	  pre-­‐treatment	  forest	  structure	  characteristics.	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Figure	  6:	  Elbow	  plot	  of	  pre-­‐treatment	  small	  mammal	  community	  and	  forest	  
structure	  variance	  explained	  by	  increasing	  numbers	  of	  site	  clusters.	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Figure	  7:	  Pre-­‐treatment	  forest	  structure	  cluster	  dendrogram	  with	  4	  clusters	  
highlighted.	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Figure	  8:	  Pre-­‐treatment	  small	  mammal	  community	  cluster	  dendrogram	  with	  4	  
clusters	  highlighted.	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Figure	  9:	  Pre-­‐treatment	  Forest	  Structure	  NMDS	  plot	  with	  4	  forest	  structure	  site	  
clusters	  and	  small	  mammal	  community	  site	  clusters	  designated	  by	  site	  point	  colors.	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Figure	  10:	  Pre-­‐treatment	  Small	  Mammal	  Community	  NMDS	  plot	  with	  4	  small	  
mammal	  community	  site	  clusters	  and	  forest	  structure	  site	  clusters	  designated	  by	  
site	  point	  colors.	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Figure	  11:	  Pre-­‐treatment	  Forest	  Structure	  NMDS	  plot	  with	  small	  mammal	  site	  
clusters	  plotted	  in	  the	  forest	  structure	  space	  outlined	  by	  orange	  hulls,	  and	  forest	  
structure	  clusters	  denoted	  by	  point	  colors.	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Figure	  13:	  	  Elbow	  Plot	  of	  pre	  and	  post-­‐treatment	  forest	  structure	  variance	  
explained	  by	  increasing	  numbers	  of	  site	  clusters.	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Figure	  14:	  	  Forest	  structure	  cluster	  dendrogram	  including	  pre	  and	  post-­‐treatment	  
forest	  conditions	  with	  4	  clusters	  highlighted.	  	  A	  green	  dot	  indicates	  an	  untreated	  site	  
and	  an	  orange	  dot	  indicates	  a	  treated	  site.	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Figure	  15:	  Bar	  graph	  of	  average	  controlled	  percent	  change	  in	  forest	  structure	  
variables	  after	  treatment.	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Figure	  16:	  Bar	  graph	  of	  average	  controlled	  percent	  /	  magnitude	  of	  change	  in	  forest	  
structure	  variables	  after	  treatment	  by	  treatment	  type.	  	  Hand	  treatment	  is	  green	  and	  
mechanical	  treatment	  is	  orange.	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Figure	  17:	  Bar	  graph	  of	  average	  percent	  change	  in	  forest	  structure	  variables	  after	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Figure	  18:	  Bar	  graph	  of	  average	  controlled	  percent	  change	  in	  within-­‐site	  forest	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Figure	  19:	  Bar	  graph	  of	  average	  controlled	  percent	  change	  in	  within-­‐site	  forest	  
structure	  variation	  by	  treatment	  type.	  	  Percent	  change	  in	  variation	  is	  on	  the	  Y-­‐axis.	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Figure	  20:	  Forest	  Structure	  NMDS	  plot	  with	  untreated	  sites	  colored	  green,	  hand	  
treated	  sites	  colored	  yellow	  and	  mechanically	  treated	  sites	  colored	  orange.	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Figure	  21:	  	  RDA	  plot	  of	  all	  sites	  pre	  and	  post	  treatment	  based	  on	  forest	  structure	  
variables.	  	  Untreated	  sites	  are	  colored	  green,	  hand	  treated	  sites	  yellow	  and	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Figure	  22:	  Bar	  graph	  of	  average	  percent	  change	  in	  small	  mammal	  species	  and	  total	  
abundance	  after	  treatment	  by	  treatment	  type.	  	  Hand	  treatment	  changes	  are	  in	  green,	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Figure	  23:	  Bar	  graph	  of	  average	  percent	  change	  in	  small	  mammal	  species	  and	  total	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Figure	  24:	  Bar	  graph	  of	  relative	  percent	  change	  in	  small	  mammal	  community	  
measures	  on	  treatment	  vs.	  control	  sites	  after	  treatment.	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Figure	  25:	  	  Elbow	  plot	  of	  pre	  and	  post-­‐treatment	  small	  mammal	  community	  
variance	  explained	  by	  increasing	  numbers	  of	  site	  clusters.	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Figure	  26:	  	  Small	  mammal	  community	  cluster	  dendrogram	  including	  pre	  and	  post-­‐
treatment	  small	  mammal	  communities	  with	  4	  clusters	  highlighted.	  	  A	  green	  dot	  
indicates	  an	  untreated	  site	  and	  an	  orange	  dot	  indicates	  a	  treated	  site.	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Figure	  27:	  Small	  mammal	  community	  NMDS	  with	  untreated	  sites	  colored	  green,	  
hand	  treated	  sites	  colored	  yellow	  and	  mechanically	  treated	  sites	  colored	  orange,	  
and	  years	  post	  treatment	  indicated	  by	  the	  number	  within	  the	  points	  for	  treated	  
sites.	  	  Circles	  denote	  control	  sites	  and	  squares	  treatment	  sites.	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Figure	  28:	  Small	  mammal	  community	  change	  NMDS	  with	  untreated	  sites	  colored	  
green,	  hand	  treated	  sites	  colored	  yellow	  and	  mechanically	  treated	  sites	  colored	  
orange,	  and	  maximum	  DBH	  of	  trees	  removed	  indicated	  by	  the	  number	  within	  the	  
points	  for	  treated	  sites.	  	  Circles	  denote	  control	  sites	  and	  squares	  treatment	  sites.	  	  
Triangles	  around	  treatment	  sites	  indicate	  that	  the	  prescription	  for	  the	  site	  included	  
the	  conservation	  of	  protected	  activity	  centers	  (PACs),	  potentially	  resulting	  in	  
untreated	  areas	  within	  the	  site.	  
	  
	  
	   104	  
	  
Figure	  29:	  	  Pearson	  correlation	  matrix	  illustrating	  the	  pairwise	  change	  in	  small	  
mammal	  species	  variables	  vs.	  change	  in	  forest	  structure	  variables.	  	  The	  size	  and	  
color	  of	  the	  circle	  indicates	  the	  effect	  size,	  with	  larger	  circles	  and	  darker	  colors	  
representing	  a	  larger	  effect	  size.	  	  Blue	  indicates	  a	  positive	  relationship	  while	  red	  
indicates	  a	  negative	  relationship.
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Figure	  30:	  Spearman	  correlation	  matrix	  illustrating	  the	  pairwise	  change	  in	  small	  
mammal	  species	  variables	  vs.	  change	  in	  forest	  structure	  variables.	  	  The	  size	  and	  
color	  of	  the	  circle	  indicates	  the	  effect	  size,	  with	  larger	  circles	  and	  darker	  colors	  
representing	  a	  larger	  effect	  size.	  	  Blue	  indicates	  a	  positive	  relationship	  while	  red	  
indicates	  a	  negative	  relationship.	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Figure	  31:	  	  Change	  in	  O.	  beecheyi	  abundance	  vs.	  change	  in	  shrub	  cover	  from	  before	  
to	  after	  treatment.	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Figure	  33:	  	  A	  view	  of	  a	  vegetation	  survey	  plot	  on	  the	  mechanically	  treated	  site	  
BLKW	  before	  treatment.	  	  
	  
	  
Figure	  34:	  	  A	  view	  of	  the	  same	  vegetation	  survey	  plot	  on	  the	  mechanically	  treated	  
site	  BLKW	  after	  treatment.	  	  	  Note:	  the	  camera’s	  clock	  was	  not	  correctly	  set	  during	  
the	  post-­‐treatment	  survey,	  and	  the	  photo	  is	  from	  July	  2007,	  not	  January	  2005.	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Figure	  35:	  	  A	  view	  of	  a	  vegetation	  survey	  plot	  on	  the	  hand	  treated	  site	  BOTA	  before	  
treatment.	  	  	  
	  
	  
Figure	  36:	  	  A	  view	  of	  the	  same	  vegetation	  survey	  plot	  on	  the	  hand	  treated	  site	  BOTA	  
after	  treatment,	  showing	  unburned	  woodpiles.	  	  	  
